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Executive Summary 

The remedy for the Stamina Mills Superfund site in North Smithfield, Rhode Island, included  

demolition of onsite structures, sealing and backfilling of raceways, locating and removing a 

septic tank and its contents, grading the site, in situ vacuum extraction of trichloroethylene-

contaminated soil, groundwater extraction and treatment, excavation and removal of a 

historical landfill, long term monitoring, and institutional controls.  The trigger for this five-year 

review was the Preliminary Close-out Report (PCOR) in August 8, 2000. 

The assessment of this five-year review found that the remedy was constructed in accordance 

with the requirements of the Record of Decision and the Explanation of Significant Difference.  

The remedy currently protects human health and the environment because it is functioning as 

designed. The immediate threats have been addressed and the remedy is considered protective 

in the short term.  However, in order for the remedy to be protective in the long-term, the 

following actions need to be taken:  institutional controls need to be addressed, and vapor 

intrusion studies need to be conducted. 
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Five-Year Review Summary Form 

SITE IDENTIFICATION 

Site name (from WasteLAN): STAMINA MILLS, INC.


EPA ID (from WasteLAN): RID980731442


Region: 1
 State: RI City/County:  Providence 

SITE STATUS 

NPL status: X Final


Remediation status (choose all that apply): X Operating and Complete 


Multiple OUs?* X NO
 Construction completion date:  August 8, 2000 

Has site been put into reuse? X NO 

REVIEW STATUS 

Lead agency:  EPA 


Author name:  Byron Mah


Author title: Remedial Project Manager
 Author affiliation: EPA


Review period:**  August 8, 2000 to September 30, 2005 


Date(s) of site inspection:  October 14, 2004 


Type of review:


Pre-SARA – Policy Review


Review number:  First


Triggering action:


X Construction Completion


Triggering action date (from WasteLAN):  August 8, 2000 


Due date (five years after triggering action date): August 8, 2005
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1. 

2. 

3. 

1. 

2. 

3. 

taken: 

Five-Year Review Summary Form, cont’d. 

Issues: 

Institutional Controls to prevent pumping that could jeopardize remedy are not in place. 

A Database of properties with active or inactive wells does not exist. 

Vapor Intrusion has not been evaluated as a site issue. 

Recommendations and Follow-up Actions: 

Implement Institutional controls both on-site and off-site. 

Develop a database of the properties with active or in-active wells. 

Evaluate the vapor intrusion pathway at this Site. 

Protectiveness Statement 

The remedy currently protects human health and the environment because it is functioning as designed. 

The immediate threats have been addressed and the remedy is considered protective in the short term. 

However, in order for the remedy to be protective in the long-term, the following actions need to be 

institutional controls need to be addressed, and vapor intrusion studies need to be conducted. 
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First Five-Year Review Report 

Stamina Mills Superfund Site 

Town of North Smithfield 

Providence County, Rhode Island 

I. Introduction 

Purpose of the Five Ye ar Review 

The purp ose of five-year reviews is to det e rmine whether th e remed y at a site is pro t ective o f 

human h e al th and th e envir o nmen t .  Th e met h ods, findin g s , and co ncl u sions o f re views are 

documen t e d in Five -Year Review re p o rts.  I n addition, Fiv e -Year Revi ew r e por t s iden ti fy issues 

foun d durin g th e r e view , if any, an d recommendations to address th em. 

Authority f o r Co nd ucti ng the Fi ve-Year Review 

l 

Contingency Plan (NCP). 

In 

The Agen cy is preparing this five-ye a r review p u rsuant t o CERCLA §121 and the N a tiona 

CERCLA §1 21 states: 

If the President selects a remedial action that results in any hazardous 

substances, pollutants, or contaminants remaining at the site, the President 

shall review such remedial action no less often than each five years after the 

initiation of such remedial action to assure that human health and the 

environment are being protected by the remedial action being implemented. 

addition, if upon such review it is the judgment of the President that action is 

appropriate at such site in accordance with section [104] or [106], the 

President shall take or require such action.  The President shall report to the 

Congress a list of facilities for which such review is required, the results of all 

such reviews, and any actions taken as a result of such reviews. 
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T

e e tances, pollutants, or 

contaminan e le mited us d 

unrestricte e ency shall review such ac ften than every 

ter the initia elected remedial action. 

he agency interpreted this requirement further in the National Contingency Plan (NCP); 

40 CFR §300.430(f)(4)(ii) states: 

If a rem dial action is selected that r sults in hazardous subs

ts remaining at the site abov vels that allow for unli e an

d exposur , the lead ag tion no less o

five years af tion of the s

Who Conducted the Five-Year Review 

The United States Environmental Protection Agency (USEPA) Region I has conducted a five-year 

review of the remedial actions implemented at the Stamina Mills Superfund site in North 

Smithfield, RI.  This review was conducted from late 2004 through September, 2005.  This 

report documents the results of the review. EnSafe Inc., a consultant hired by the Performing 

Party (Kayser-Roth) has provided technical analysis in support of the five-year review. 

Other Review Characteristics 

This is the first five-year review for the Stamina Mills Superfund site.  The triggering action for 

this review is the date of the Preliminary Close-out Report (PCOR) as shown in EPA’s WasteLAN 

database: August 8, 2000.  This five-year review is required due to the fact that hazardous 

substances, pollutants, or contaminants remain at the site above levels that allow for unlimited 

use and unrestricted exposure 

Remedy implementation at the Stamina Mills Site required multiple activities: 

� In situ vacuum extraction of the trichloroethylene (TCE) spill-area soil. 
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�	 Excavation of landfill wastes from the 100-year floodplain and consolidation with 

landfill wastes above the floodplain. 

�	 Installation of a leachate collection system in the landfill. 

�	 Capping of the landfill. 

�	 Groundwater extraction and treatment using an ultraviolet (UV) light/hydrogen 

peroxide system. 

�	 Demolition of onsite structures. 

�	 Sealing and backfilling of raceways. 

�	 Location of the septic tank, testing and removal of its contents, and offsite 

treatment and/or disposal. 

�	 Grading of the Site. 

�	 Long-term environmental monitoring. 

�	 Institutional controls to regulate future land use at the Site and prevent the 

disturbance of the physical integrity of the remedy’s components. 

Treatment is ongoing, and hazardous substances are still present onsite at concentrations 

above levels protective of unrestricted use.  

Five-Year Review Report Format 

The format for this review has been adopted from the USEPA Comprehensive Five-Year 

Review Guidance (June, 2001). Elements of the five-year review are presented as 

outlined below: 

�	 Section II presents a chronology of Site events. 

�	 Section III presents the Site location information and the history of the Site, 

including a summary of the preliminary Site investigations, the remedial 

investigation (RI),  the feasibility study (FS), remedial design (RD), and remedial 

action (RA). 

�	 Section IV discusses the remedial actions implemented at the Site, their 

performance, and conclusions regarding remedy effectiveness. 
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�	 Section V – not applicable 

�	 Section VI describes the five-year review process, including the administrative 

components of the five-year review, community notification and involvement, 

document review, data review, the Site inspection, and interviews. 

�	 Section VII presents the technical review of the Site remedy using three questions: 

▫	 Is the remedy functioning as intended by the decision documents? 

▫	 Are the exposure assumptions, toxicity data, cleanup levels, and 

remedial action objectives (RAOs) used at the time of remedy selection 

still valid? 

▫	 Has any other information come to light that could call into question 

the protectiveness of the remedy? 

�	 Section VIII identifies issues at the Site that prevent the remedy from being 

protective. 

�	 Section IX identifies recommendations and follow-up actions for the Site remedy. 

�	 Section X issues the protectiveness statement for the Stamina Mills Site. 

�	 Section XI specifies the requirement for the next five-year review. 
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II. Site Chronology 

Table 2-1 
Chronology of Events 

Date Event Additional Information 
1824 Manufacturing operations began under the Forestdale 

Manufacturing Company. 
1920s Temporary shutdown of mill operations. 
1930s Mill Building No. 2 burns down. Building No. 2 area used as an onsite 

landfill for process wastes until 
approximately 1968. 

1940s Forestdale Manufacturing Company transfers 
ownership to Stamina Mills. 

1969 TCE-scouring system installed to remove oil and dirt 
from newly woven fabric.  Initial reports of TCE spill. 

Within a few months of the spill, the 
Stamina Mills Well (SMW) showed 
evidence that it had been affected by TCE 
and potable use was discontinued. 

1975 Stamina Mills shuts down. Contents of the TCE storage tank are 
estimated at 600 to 700 gallons. 

1977 Stamina Mills destroyed by fire in October 1977. 
1978 The Town of North Smithfield installed a sewer 

through the Site parallel to the Branch River.   
The sewer was installed 20 to 30 feet 
below ground surface. In places this 
sewer extended 10 to 20 feet into 
bedrock, and blasting was required. 

1979 Rhode Island officials identify TCE contamination in 
the Forestdale Water Association Well (FWAW), a 
community water system approximately 800 feet north 
of the Stamina Mills Site. 

Additional sampling of 51 private wells 
near the Site shows elevated TCE 
concentrations in at least 18 wells.  At this 
time, groundwater was the sole source of 
potable water for the local residents. 

1981 The State of Rhode Island and the Town of North 
Smithfield finance the construction of a municipal 
water main to serve the residential area affected by 
contamination north of the Stamina Mills Site. 

Between 1981 and 1984 only seven of the 
approximately 50 affected or potentially 
affected residences connected to the new 
municipal water supply, reportedly due to 
connection costs. 

1983 Final inclusion on the National Priorities List (NPL). 
1984 USEPA initiates a removal action to extend the existing 

water line and to fund residents’ connection costs. 
Approximately 50 residences were connected. 

1986-1988 A two-phase RI was conducted to determine the 
nature and extent of contamination in soil, 
groundwater, surface water, and sediment. 

1989 The Federal District Court of Rhode Island ruled that 
Kayser-Roth Corporation, corporate successor to 
Stamina Mills, is liable for past and future response 
costs at the Site. 

1990 The Record of Decision for the Site was signed by 
USEPA on September 28, 1990. 

1991 USEPA issued an Order to Kayser-Roth to perform the 
ROD cleanup remedy. 

1992 Kayser-Roth initiated Site preparation and predesign 
activities, including demolition of old mill buildings. 

1993-1996 Collins & Aikman Products Company (C&A) assumes 
responsibility for the cleanup of the site from Kayser-
Roth. C&A completes pre-design work at the Site. 
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1994 Phase I Predesign activities, including soil vapor 
extraction (SVE) testing and aquifer testing, were 
completed onsite. 

Testing indicated low-vacuum SVE would 
be effective in permeable overburden soil, 
but that multi-phase extraction (MPE) 
would be necessary to recover TCE from 
highly contaminated, low permeability 
saprolite zones. 

1995 Phase II Predesign work was completed, including 
installation of vapor extraction wells and performance 
testing. 

1997 Successful testing of the full-scale vapor extraction 
system completed in November 1997. 

1998/1999 Attempts to stabilize and cap the onsite landfill on the 
eastern portion of the Site proved hazardous to both 
Site workers and the adjacent Branch River. 
Therefore, an alternate landfill remedy was 
implemented to excavate, transport, and dispose of 
landfill materials offsite. 

2000 Successful startup of the groundwater extraction 
system. 

2000 USEPA issued an Explanation of Significant Differences 
on June 27, 2000, documenting the technical rationale 
for modifications to (1) groundwater treatment 
system, (2) vapor treatment system, and (3) the final 
landfill remedy. 

2002 The SVE system was mothballed in late 2002 due to 
extremely low vapor concentrations and the absence 
of significant rebound following winter shutdown 
periods. 

2003 The MPE system was enhanced by implementing a 
drop tube vapor/groundwater extraction system on 10 
MPE wells. 

2004-2005 USEPA initiates five-year review. 
2005 Kayser-Roth re-assumes responsibility for the cleanup 

of the site due to bankruptcy of C&A. 
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III. Background 

The Site, which was a former textile weaving and finishing mill, was developed in the 

early 1800s. Currently it is abandoned except for remediation equipment and an old 

mill building along School Street. 

General Site Description and Historical Summary 

The Stamina Mills Site is in Providence County approximately 0.5 mile southwest of the 

intersection of Highway 146 and 146A and approximately 14 miles northwest of 

Providence, Rhode Island (Figure 3-1; all figures are included in Appendix A).  The Site 

covers approximately 5 acres along the Branch River in North Smithfield, Rhode Island. 

The Site’s coordinates are 41˚59’45” N latitude and 71˚33’45” W longitude. 

The Site is bounded to the south by the Branch River and several industrial and 

commercial facilities. Properties to the north and east are primarily residential, with 

some commercial usage. A dam immediately south of the Site forms the Forestdale 

Pond and the Site’s southern boundary.   This dam provided hydromechanical power for 

the textile mill operations.  Two raceways passed under Mill Buildings No. 1 and 2 

before reentering the Branch River downstream of the dam.  The southeastern section 

of the Site includes an area in the 100-year floodplain. Because the Site is within 50 

feet of the Branch River, it is considered a wetland under Rhode Island regulations. 

Manufacturing operations began at the mill in 1824, when the Forestdale Manufacturing 

Company started processing cotton.  The mill continued operations until the late 1920s 

when it shut down for an undocumented period of time.  After the Depression, the mill 

reopened and in the 1940s it changed ownership and was renamed Stamina Mills. 

Between 1930 and 1938 the eastern portion of the mill (Mill Building No. 2) was 

destroyed by fire.  A portion of the burned-out building footprint was used as an onsite 
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landfill for process wastes until approximately 1968.  A diagram of the mill layout is 

included in Appendix B, historical diagrams and figures. 

The mill was shut down in 1975, and the remaining portion of the mill was destroyed by 

fire in October 1977. The Site remained vacant following the fire. 

In 1978, the Town of North Smithfield installed a sewer across the Site parallel to the 

Branch River and through portions of the landfill area.  The sewer was installed 20 to 

30 feet below ground surface, and required blasting 10 to 20 feet into bedrock in 

places. 

Kayser-Roth, corporate successors to Stamina Mills, initiated Site preparation and 

predesign activities in 1992 that included demolition of old mill buildings, debris 

recycling and/or removal, and Site regrading.  Some demolition materials, debris, and 

Site soils were used as fill during regrading prior to the addition of topsoil and seeding. 

A 6-foot-high gated fence is present along School Street to prevent unauthorized 

access; the property is not fenced along the Branch River or Forestdale Pond.  During 

remedial activities, Collins & Aikman Products Company (C&A) assumed all responsibility 

for the Site from Kayser-Roth. 

In 1998 and 1999, attempts to stabilize and cap the onsite landfill on the eastern 

portion of the Site proved hazardous to both Site workers and the adjacent Branch 

River. As a result, C&A proposed an alternate landfill remedy which was approved by 

USEPA and RIDEM. The landfill contents were excavated and shipped offsite for 

disposal in a chemically secure landfill, as outlined in the Remedial Action Report — 

Landfill Restoration (EnSafe, December 1999).  Figure 3-2, included in Appendix A, 

shows the Site conditions and topography after completion of the landfill restoration in 

1999. 
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Active soil and groundwater remediation is ongoing along the central 2 acres of the 

Site. A groundwater extraction (GWE) system, SVE system, MPE system, above- and 

below-ground manifolds, and a treatment building housing both groundwater and vapor 

treatment systems (GWTS, VTS) are present onsite.   

Site Topography, Geology, and Hydrogeology 

The difference in relief across the Stamina Mills Site is approximately 200 feet from the 

north end of the property to the Branch River Valley floor (south).  Ground surface 

topography generally mimics the buried bedrock surface.  Approximately 10 to 15 feet 

of fill, glacial till, fluvial deposits, and surface soils overlie bedrock and extend to the 

ground surface.  A 2- to 8-foot-thick layer of brown clayey saprolite has formed at the 

bedrock/overburden interface due to bedrock weathering. 

Bedrock is a fine- to medium-grained quartz biotite schist of the metamorphic 

Blackstone series that exhibits well-developed foliation.  Richmond and Quinn have 

estimated the total thickness of the units to be approximately 400 feet in the 

Georgiaville Quadrangle.  Joints and fractures in the schist appear to be generally 

northeast-southwest and northwest-southeast. A generalized cross section is shown in 

Appendix B, which includes historical diagrams and figures. 

The basin of the Branch River originates at the confluence of the Pascoag and 

Chepachet Rivers. In Woonsocket, Rhode Island, the Branch River joins the Blackstone 

River, which flows to the south where it joins the Providence River and empties into the 

Narragansett Bay. 

The majority of groundwater at the Stamina Mills Site is stored in and transmitted 

through fractures and joints in the upper portion of the bedrock aquifer approximately 

10 to 20 feet below ground surface (bgs). The lower few feet of overburden materials 
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are seasonally saturated, but are not regarded as a separate unit.  Flow in the bedrock 

aquifer is toward the Branch River.  

Under static conditions, regional groundwater generally flows from north to south and 

parallels the topography. Groundwater recharges in upland areas north of the Site and 

flows south toward the Branch River, then eastward, parallel to the river before 

discharging in the river. However, hydrogeologic investigations showed that pumping 

individual bedrock supply wells, including the FWAW north of Stamina Mills, can 

temporarily reverse the regional hydraulic gradient in such a way that the flow beneath 

the Stamina Mills Site is directed north toward residential areas.  Reversal of the 

groundwater flow during previous operation of the FWAW is thought to be the 

mechanism by which contaminants migrated from the Site to the residential area to the 

north. Figures showing flow reversals during the FWAW pump test in 1988 are included 

in Appendix B. 

Former, Current, and Future Land Use  

The land to the north and east of the Site is largely residential with some commercial 

use. The Halliwell Memorial Elementary School is approximately four-tenths of a mile 

northwest of the Site. Areas directly east of the Site, which are in the floodplain of the 

Branch River, have been left undeveloped.  The area to the south and southwest of the 

Site, across the Branch River, is occupied by industrial and commercial facilities. 

Land use in the immediate vicinity of the Site has not changed significantly since 

investigations started in the 1980s. 

History of Contamination 

Contamination at the Stamina Mills Site was associated with historical mill operations 

and TCE spills that occurred during the 1960s.  Select historical photographs showing 

Site conditions prior to RA and during RA are included as Appendix C. 
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Contamination Sources 

Multiple contaminant sources were identified during the RI. 

TCE Tank/Spill Area 

In March 1969 a TCE scouring system was installed at the mill to remove oil and dirt 

from newly-woven fabric.  Shortly thereafter, a spill occurred during the delivery of TCE 

to an aboveground storage tank. The volume of solvent lost is unknown.  Within a few 

months of the spill, the SMW showed evidence of TCE contamination and potable use 

was discontinued. 

When the mill shut down in 1975, 600 to 700 gallons of TCE remained in the storage 

tank. Following the fire in 1977, the TCE storage tank could not be located.  The sewer 

line installation in 1978 passes through the historical TCE spill area. 

Septic System 

A septic system was identified during investigation activities as a potential source of 

contamination to groundwater.  A sample of sludge from the septic system’s drain pipe 

during the RI indicated the presence of TCE. 

Landfill 

As noted previously, a portion of the burned-out Mill Building No. 2 footprint was used 

as an onsite landfill for process wastes from the 1930s through the 1960s.  This landfill, 

estimated at approximately 5 to 20 feet thick, occupied the eastern half of the Site. 

The southern portion of the landfill sloped steeply down toward the Branch River, with 

a portion within the river’s 100-year floodplain.  Landfill contents were a mixture of 

fabric wastes, plastic, paper, wood, metal, cinders, glass, and rock interbedded with 

layers of sandy fill.  In areas closest to the Branch River, a layer of black oily soil up to 

10 feet thick extended to the bedrock surface beneath the waste.  Contaminants 
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suspected to be present in the landfill included TCE, polycyclic aromatic hydrocarbons, 

sulfuric acid, soda ash, salt, detergents, waste fabrics, dyes, wool oil, plasticizers, and 

pesticides (used for moth-proofing). The sewer line installation in 1978 passes through 

the historical landfill area. 

At the onset of investigation activities, most of the landfill was overgrown with 

vegetation, including small trees, shrubs, weeds, and grass.   

Raceways 

During the RI the two raceways beneath the former mill buildings were identified as 

potential migration pathways for contamination, providing a conduit for contaminants to 

seep from other source areas (the septic tank, the TCE spill area, the landfill) into the 

Branch River either as suspended solids or as groundwater. 

Discovery of Contamination 

In 1979, Rhode Island officials identified TCE contamination in the FWAW, a community 

water system approximately 800 feet north of the Stamina Mills Site.  Additional 

sampling of 51 private wells near the Site showed elevated TCE concentrations in at 

least 18 wells. At this time, groundwater was the sole source of potable water for the 

local residents. 

Initial studies conducted as a result of this discovery indicated that the Stamina Mills 

Site was the most likely source of TCE contamination, prompting USEPA and RIDEM to 

seek the Site’s inclusion on the NPL on December 30, 1982; it was listed as final in 

September 1983. 

Initial Response 

In 1981, the State of Rhode Island and the Town of North Smithfield financed the 

construction of a municipal water main to serve the residential area affected by 
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contamination north of the Stamina Mills Site.  Between 1981 and 1984 only seven of 

the approximately 50 affected or potentially affected residences connected to the new 

municipal water supply, reportedly due to connection costs.   

In 1984, following inclusion of the Site on the NPL, USEPA initiated a removal action to 

extend the existing water main and to fund residents’ connection costs.  Approximately 

50 residences were connected. 

In July 1988, USEPA initiated a second removal action that removed the contents of two 

deteriorating underground storage tanks and disposed of them offsite.  The interiors of 

both tanks were decontaminated and the tanks were then decommissioned. 

In August 1990, USEPA initiated a third removal action that removed the contents of an 

aboveground storage tank. The contents were treated and disposed of offsite, and the 

interior of the tank was decontaminated.  The tank shell was left onsite for disposal 

during remedial activities. 

Basis for Taking Action 

Hazardous substances including volatile organic compounds (VOCs), semivolatile 

organic compounds (SVOCs), inorganics, and/or pesticides (primarily dieldrin) have 

been detected in Site soil, groundwater, surface water, and/or sediments.  However, 

VOCs are the primary constituents of concern (COCs), with TCE posing the greatest 

concern. 

Remedial Investigation Findings 

A two-phase remedial investigation was conducted from 1986 to 1988 to determine the 

nature and extent of contamination in soil, groundwater, surface water, and sediment. 

Soil 
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Soil samples collected during the RI from the area impacted by the 1969 TCE spill 

exhibited TCE concentrations up to 430,000 micrograms per kilogram (µg/kg).  The spill 

area extended from the northeast corner of the former Mill Building No. 1 east to the 

base of the landfill, and then south to the Branch River.  TCE contamination extended 

into the landfill directly above the water table near one of the raceways and the sewer 

line trench, and was assumed to be characterized by preferential migration through 

these more permeable zones. 

Other compounds detected in Site soil included lower concentrations  of SVOCs, 

inorganic compounds, and pesticides (particularly dieldrin).   

Groundwater 

Bedrock groundwater beneath the former TCE spill area exhibited TCE concentrations of 

up to 850,000 micrograms per liter (µg/L). Shallow groundwater, primarily associated 

with seasonal intrusion of bedrock groundwater into the overburden material, was also 

contaminated. Natural gradients, as well as the presence of the two raceways and the 

sewer line trench, were assumed to cause migration of impacted groundwater toward 

the Branch River. 

As noted in pre-RI investigations, a TCE-contaminated groundwater plume in the 

bedrock aquifer was found to extend northwest from the Site into the residential 

neighborhood north of School Street.  RI studies suggested that contaminants were 

drawn northward through pumping of the FWAW and other residential wells. Since 

operations at these wells had been terminated following installation of the water main 

during the early 1980s, decreasing concentrations were noted in the residential area. 

These decreases were assumed to be associated with natural flushing of the plume area 

following re-establishment of the natural gradient.  Figure 3-3, found in Appendix A, 

shows the extent of contamination offsite during 1992. 
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Other compounds detected in Site groundwater included lower concentrations  of 

SVOCs, inorganic compounds, and pesticides (particularly dieldrin). 

Sediment and Surface Water 

Surface water samples collected during the RI adjacent to and downstream of the spill 

area exhibited TCE and 1,2-dichloroethylene (1,2-DCE) contamination, with maximum 

concentrations found in the raceway exits.  Sediment impacts directly adjacent to the 

Site were minimal due to the absence of sediment at the base of the dam; however, 

downstream of the Site, TCE, 1,2-DCE, SVOCs, dieldrin, and inorganics were quantified. 

SVOCs, pesticides, and inorganics were assumed to be associated with the mill and 

landfill operations. 

Primary Health Threats/Basis for Action 

The baseline risk assessment conducted during the RI calculated both carcinogenic and 

non-carcinogenic effects of Site contaminants under various current and future use 

scenarios, as shown in Table 3-1. 

Table 3-1 
Baseline Risk Assessment Results 

Cancer Risk Hazard Index 
Average Maximum Average Maximum 

Current Use Scenario 
Offsite Active Wells 
Groundwater Ingestion 

3E-06 3E-06 0.1 0.3 

TCE Spill Area 
Soil Ingestion 

2E-06 8E-06 0.1 0.6 

Landfill Area 
Soil Ingestion (0-5’) 

2E-06 2E-05 0.6 3.0 

Other Onsite Soil 
Soil Ingestion (0-5’) 

1E-06 1E-05 0.07 1.0 

Downstream of Site 
Fish Consumption  

8E-03 3E-02 0.6 2.0 

Upstream of Site 
Fish Consumption  

4E-03 4E-03 0.002 0.002 

Surface Water 
Ingestion via Swimming 

5E-07 6E-07 0.02 0.04 

Future Use Scenarios 
TCE Spill Area 
Groundwater Ingestion 

8E-02 4E-01 50 200 

Landfill Area 2E-02 7E-02 30 60 
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Table 3-1 
Baseline Risk Assessment Results 

Cancer Risk Hazard Index 
Average Maximum Average Maximum 

Groundwater Ingestion 
Offsite Active Wells 
Groundwater Ingestion 

3E-06 3E-06 0.1 0.3 

Landfill Area 
Soil Ingestion (5-20’) 

2E-06 3E-05 0.5 6.0 

The risk assessment also identified exceedances of applicable or relevant and 

appropriate regulations, including: 

� USEPA Maximum Contaminant Levels (MCLs) 

� Ambient water quality criteria 

� USEPA lifetime health advisories 

Crumbling Site infrastructure and debris were also cited as physical hazards remaining 

onsite. 
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IV. Remedial Actions 

This section outlines the selected remedy for the Stamina Mills Site. 

Remedy Selection 

USEPA’s Record of Decision (USEPA, 1990; EPA/ROD/R01-90/048) was signed on 

September 28, 1990. The Explanation of Significant Differences for Changing the 

Method of Treating Contaminated Groundwater and for Changing the Method of 

Capping the On-Site Landfill (USEPA, 2000) was signed on June 27, 2000. 

Remedial Action Objectives 

The ROD identified multiple remedial action objectives for the Site. 

�	 Restore the groundwater to federal and state drinking water standards (or 

criteria when drinking water standards are not available) as quickly as possible 

because the aquifer is a drinking water source. 

�	 Prevent the public from direct contact with contaminated soils, sediments, and 

solid wastes, which may present health risks. 

�	 Eliminate or minimize the migration of contaminants from the soil into the 

groundwater. 

�	 Prevent the offsite migration of contaminants to the surface water above levels 

protective of public health and the environment. 

�	 Reduce risks to human health associated with the physical hazards while 

implementing remedial actions at the Site. 

Remedial Actions Selected 

The following remedial actions were identified as major components of the Site remedy: 

�	 Demolition of onsite structures. 

�	 Sealing and backfilling of raceways. 
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�	 Locating the septic tank, testing and removal of its contents, and offsite 

treatment and/or disposal. 

�	 Grading of the Site. 

�	 In situ vacuum extraction of TCE spill-area soil. 

�	 Groundwater extraction and treatment using an UV/hydrogen peroxide system. 

�	 Excavation of landfill wastes from the 100-year floodplain and consolidation with 

landfill wastes above the floodplain. 

�	 Installation of a leachate collection system in the landfill. 

�	 Capping of the landfill. 

�	 Long-term environmental monitoring. 

�	 Institutional controls to regulate future land use at the Site and prevent the 

disturbance of the physical integrity of the remedy’s components. 

Remedy Implementation 

Remedy implementation began under the direction of Kayser-Roth during 1992, and 

was completed under the direction of C&A during 2000. 

Building Investigation and Demolition 

Initial Site activities addressed safety hazards that were noted during the baseline risk 

assessment (e.g., deteriorating structures), as well as those remedial action objectives 

associated with contaminant migration via the former mill structures.  No cleanup goals 

were identified with respect to this portion of the remedy. 

The building investigation and demolition process occurred during June, July, and 

August 1992 and included the following work activities: 

�	 Identification of the former septic tank.  The concrete cover from the vessel was 

collapsed and no standing liquids were identified.  Visual inspection indicated the 
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absence of sludge/still bottoms. Soil from adjacent Site work was used to 

backfill the vessel. 

�	 Debris piles located on the western portion of the Site were sorted to recover 

recyclable metal, which was shipped offsite to the State Line Scrap Recovery 

facility in Johnston, Rhode Island.  Wood debris and cleared vegetation were 

landfilled at the New England Ecological Development facility in Johnston, Rhode 

Island. 

�	 Subsurface voids, including the former main building’s crawlspace, the wing 

building basement, and the wing building extension’s basement, were 

demolished and filled with onsite debris. 

�	 The locations of both the new and the old raceways were confirmed using 

trenching operations. The old raceway was found to be blocked by sediment 

and fill materials. The new raceway was blocked with two reinforced concrete 

barrier walls approximately 15 feet east of the inlet gates. 

�	 A sump pit was identified in a concrete box south of the raceway exits and 

appeared to act as a conduit for groundwater and/or surface water.  The 

concrete box was filled with concrete to a level approximately 18 inches above 

the static water level in Forestdale Pond.  The remainder of the box was filled 

with sandy loam. 

�	 The masonry smokestack present onsite was disassembled manually.  Wipe 

samples were collected to assess contamination; no contamination was detected 

in the wipe samples above contract-required reporting limits.  Pigeon droppings 

and ash in the bottom six feet of the stack were removed with a vacuum truck 

and placed in a 20-cubic-yard roll off box, which was later disposed of offsite as 
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non-hazardous special waste at the Laidlaw Waste Systems facility in Pinewood, 

South Carolina. 

�	 Asbestos-containing materials were removed from the Boiler House and disposed 

of offsite at the Connecticut Valley Sanitary Waste facility in Chicopee, 

Massachusetts. The Boiler House was demolished and the debris used for 

grading onsite. 

�	 Site restoration activities included regrading to promote drainage toward the 

Branch River, addition of a minimum of 12 inches of topsoil, and seeding.  Where 

necessary, erosion control netting was staked into place. 

Select historical photos are included in Appendix C. 

Building investigation and demolition activities are documented in the Building 

Investigation and Demolition Report (Rev. B) (January 15, 1993; Sverdrup 

Environmental, Inc.).  All onsite work was performed by Sverdrup or its subcontractors. 

Soil Vapor Extraction and Multi-phase Extraction System 

SVE pilot testing, design, and installation were completed as a phased process between 

1994 and 1997. The ROD established performance standards for unsaturated soil in the 

TCE spill area, as shown in Table 4-1. 

Table 4-1 
ROD-Specified Soil Cleanup Standards 

Compound Hazardous Substance Cleanup Standard (µg/kg) 
Trichloroethylene 195 
Tetrachloroethylene 66 
1,1-Dichloroethylene 17 
1,2-Dichloroethylene 151 

Note: 

µg/kg = micrograms per kilogram 
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The ROD contemplated a single SVE system installed in the TCE spill area, extending 

from the north wall of the old mill building southeast to the Branch River.  Sampling 

results indicated that VOC concentrations increased with depth, suggesting that most of 

the TCE mass had migrated vertically and accumulated at the bedrock-vadose zone 

interface. Figure 4-1 (in Appendix A) shows the TCE spill area, along with the network 

of SVE and MPE wells installed to maximize contaminant recovery. 

SVE treatability testing performed in 1994 was designed to meet the following 

objectives: 

�	 Determine the effectiveness of SVE in spill-area soil. 

�	 Obtain data needed for conceptual design of the full-scale treatment system. 

�	 Estimate the time required to meet cleanup standards throughout the TCE spill 

area. 

Parameter evaluation tests and point permeability tests were used to assess vadose 

zone characteristics in the TCE spill area.  The pilot study concluded that the subsurface 

exhibited extreme heterogeneity, including intermingled sandy fill, silty fill, and 

saprolite. Data also indicated that to address saprolite, an MPE would be required to 

address seasonal saturation. 

Vapor extraction wells were installed into both vadose soil and saprolite in 1995.  Soil 

was field tested using a jar headspace criterion of 10 parts per million volume to 

determine whether a location required installation of a vapor extraction well.  Field 

efforts indicated that the areal extent of the TCE spill area was larger than previously 

considered in the RI. A total of 26 wells were installed in overburden material and 31 

wells were installed in the saprolite/fractured bedrock material. 
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The final design characteristics of each SVE well were determined in the field following 

installation. Brief performance tests were conducted on each well; data were used to 

determine: 

� whether the well would be included in the SVE or MPE system. 

� to confirm the conceptual design of the manifold sizing. 

� to determine SVE process equipment requirements. 

� to design offgas controls. 

Vacuums in overburden wells typically ranged from 0.6 to 54 inches of water, with 

airflow rates ranging from 2 to 19 standard cubic feet per minute (scfm).  Vacuum in 

the saprolite wells ranged from 27 to 163 inches of water following dewatering; airflow 

rates ranged from 1 to 8 scfm. Saprolite wells yielded between 0.01 and 2 gallons per 

minute (gpm) under vacuum. These yield rates were confirmed through supplemental 

aquifer/slug testing. Testing indicated that TCE was the primary vapor contaminant. 

Full-scale equipment design and system installation occurred in 1996 and 1997.  Airflow 

modeling and Site data suggested that a remediation system removing up to 500 pore 

volumes per year would be practical, for a projected operational period of one to two 

years. However, this determination assumed complete dewatering of the saprolite 

material and 12 month (continuous) operation.  Subsequent startup and operation later 

revealed that operations were limited to 6 to 8 months per year due to freezing 

weather. The SVE and MPE systems were designed to operate on parallel manifolds, 

with the SVE system using a low-vacuum blower system to extract soil vapor.  The MPE 

system was designed to use a high-vacuum blower and submersible pumps to draw 

down groundwater present within the saprolite. 

The final SVE/MPE design included the components listed in Table 4-2. 

Table 4-2 
SVE/MPE System Components 
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System Component Equipment Model Operating Parameters Notes 
SVE Blower Roots Universal RAI 47, 

displacement rotary lobe 
blower 

3 phase 
460 volt 

7.5 horsepower 
195 scfm at 6.5 in Hg 

Two blowers in place. 

MPE Blower Travani TRO 300V liquid 
ring vacuum pump 

3 phase 
460 volt 

20 horsepower 
120 scfm at 17.5 in Hg 

Pneumatic Pumps * Clean Environment 
Model AP-2 

Bottom entry, 2-inch 
submersible pneumatic 

pumps. 
MPE Air Compressor Atlas Copco Model GA-7 50 inlet cfm at 90 psi 
Notes: 
* 	 Pneumatic pumps were eliminated from the MPE system during 2003 due to recurring problems with 

siltation. 

Groundwater Extraction and MPE-GW Systems 

The GWE system consists of 3 open borehole recovery wells (B-3, SMW, and MW-10) 

and their associated discharge piping, valves, and flow meters.  

In 1994, samples collected from MW-10 and the SMW indicated the presence of water-

bearing fractures approximately 25 to 26 feet bgs with TCE concentrations indicative of 

the presence of dense non-aqueous phase liquid (DNAPL).  Therefore, focusing 

pumping on this shallow interval was deemed essential to accelerate mass removal and 

minimize the risk of introducing contaminants into the deeper bedrock matrix at MW-10 

and SMW. A two-phase operational approach was selected to focus initial pumping on 

the shallow interval and subsequent pumping on both the deep and shallow intervals. 

Well B-3 is used to draw back the aqueous-phase plume that has migrated offsite. 

Groundwater from the wells is treated in the GWTS, which consists of a holding tank, 

bag filters, and a skid-mounted air stripper (see Section IV for GWTS details).  After 

treatment, the water is discharged to the Woonsocket sewage treatment plant in 

accordance with the Site’s sewer use agreement. 
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Design Specifications 

Before the wells were connected to the treatment system, they were redeveloped to 

minimize the potential for sand and grit fouling the GWTS components.  After 

redevelopment, the wells had pumps, riser pipes, and level conductivity probes, as well 

as power and control wires installed.  Two of the wells, SMW and MW-10, also required 

the installation of well packers.  Well-specific information is shown on Table 4-3. 

Table 4-3 
Well-Specific Information 
MW-10 B-3 SMW 

Depth 51 ft (with packer) 
187 ft (without packer) 150 ft 50 ft (with packer) 

275 ft (without packer) 
Diameter/Completion 8 inch, open borehole 6 inch, open borehole 10 inch, open borehole 
Yield 3-5 gpm 5-8 gpm 3-5 gpm 
Pump Type Grundfos Model 5E5 

Redi-Flo4 

Grundfos Model 10E8 
Redi-Flo4 Grundfos Model 5E5 

Redi-Flo4 

Packer Depth 51 feet bgs* No packer required 50 feet bgs* 
Pump Intake Depth 44 feet bgs 144 feet bgs 45.5 feet bgs 
Depth to Pump On 
Probe (High-Level 33 feet bgs 43 feet bgs 34 feet bgs 
Conductivity Probe) 
Depth to Pump Off 
Probe (Low-Level 43 feet bgs 122 feet bgs 44 feet bgs 
Conductivity Probe) 
Depth to Common Probe 45 feet bgs 123 feet bgs 45 feet bgs 
Notes: 
gpm gallons per minute 
bgs below ground surface 
* The packers were removed in 2000/2001 and the wells were backfilled with sand to 50 feet bgs. 

To separate the shallow and deep portions of each well, TAM International Model 563-

SD-01 inflatable packers were installed in recovery wells MW-10 and the SMW.  Table 

4-3 lists the packer depth settings, high-level (pump on) and low-level (pump off) 

conductivity probe settings, and the pump intake depth settings.  However, packers 

were removed due to maintenance problems during 2000 and 2001, and the wells now 

operate with sand backfill present from terminal depth to approximately 50 feet bgs. 

MW-10 and SMW were equipped with Grundfos Model 5E5 Redi-Flo4 environmental 

submersible pumps, with flow between 1.2 and 7 gallons per minute (gpm).  B-3 was 

equipped with a Grundfos Model 10E8 pump, with flow between 5 and 14 gpm.  All 
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three pumps have 0.5 hp, three-phase, 460-volt motors.  After system startup and 

debugging, typical pumping rates were measured as shown in Table 4-4. 

Table 4-4 
Actual Recovery Well Pumping Conditions 

Recovery Well Total Operating Head Flow Rate 
and Zone (ft H20) (gpm) Additional Comment 

SMW 55 – 85 3 to 5 Operational during both phases 
B-3 90 – 167 6 to 8 Operational during both phases 
MW-10 Shallow 58 – 85 3 to 5 Operational during initial phase only 
MW-10 Deep 115 – 170 18 to 30 Operational during terminal phase 

only 

The GWE system was started in May 2000 and has remained operational since then. 

Pumping is conducted in cycles, allowing groundwater to recharge almost completely 

before the pumps restart, and promoting a flushing effect for the most effective 

practical mass removal. While this mass is being removed in the shallow source zone, 

deep groundwater is being recovered from well B-3, setting up a hydraulic gradient 

toward the Site in the aqueous plume, which historically moved offsite during FWAW 

pumping. 

Landfill Operations 

Landfill restoration activities were conducted from August 3, 1998, to October 5, 1999. 

The Order required restoration of the onsite landfill by consolidating all landfill wastes 

and affected sediments, covering them with a RCRA-type cap, and installing a leachate 

collection system at the toe of the landfill.  During initial landfill restoration activities in 

August 1998, it became apparent that implementation of the remedy detailed in the 

Order would be difficult due to Site conditions that threatened Site workers’ safety and 

might adversely impact the Branch River. Therefore, an alternate remedy – removal 

and offsite disposal of all landfill wastes and affected soil and sediment – was proposed, 

approved by USEPA and RIDEM, and implemented.   
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The performance standard for excavation and offsite disposal was the removal of all 

landfill wastes and affected soil and sediment.  USEPA confirmed whether this 

performance standard was achieved through visual inspection and soil sampling.   

Work tasks completed during landfill closure included:   

• 	 Clearing and grubbing the landfill area. 

• 	 Removal of eight monitoring wells, 26 gas probes, and miscellaneous  piping. 

• 	 Installation of perimeter fencing.  

• 	 Construction of a temporary holding tank.  

• 	 Test pitting and demolishing a portion of the rock retaining wall. 

• 	 Construction and maintenance of temporary erosion control features and fencing 

during construction activities, as needed. 

• 	 Construction and maintenance of a temporary river diversion system to allow 

dewatering of the construction area. 

• 	 Dewatering the construction area by pumping collected storm water and 

infiltrating groundwater.  Pumped water was discharged to the Branch River or 

to a temporary storage facility to allow sediment to settle before discharge to the 

ground onsite. 

• 	 Reconstructing the manhole located within the 100-year flood plain by extending 

its elevation above 194.5 feet mean sea level. 

• 	 Excavating, dewatering, and disposing of all landfill wastes, affected soil, and 

sediment. 

• 	 Placement of geotextile and riprap blanket along the slope of the landfill within 

the 100-year flood plain. 

• 	 Installing a surface runoff drainage ditch along the 100-year floodplain elevation 

and the raceway exit to promote surface runoff and raceway drainage. 

• 	 Placement and compaction of backfill material and top soil. 

• 	 Placement of seed/fertilizer mixture and erosion control mat over backfilled 

areas. 
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• Installation of final erosion control measures, as needed. 

Most of the landfill waste and affected soil and sediment were excavated to bedrock. 

After excavation, USEPA inspected the exposed bedrock to ensure complete removal 

prior to backfilling with clean fill.  Along the northern third of the landfill, in an area 

where the material was not excavated to bedrock, confirmatory soil samples were 

collected. The samples were analyzed for the Target Compound List (TCL) VOCs and 

pesticides; analytical results were compared to the ROD-specified soil cleanup standards 

presented in Table 4-1. Because a soil cleanup standard for dieldrin was not established 

in the ROD, USEPA developed a dieldrin standard of 200 µg/kg for landfill restoration 

based on risk to the environment and human health. 

In areas where confirmatory soil sample results exceeded the cleanup standard, the soil 

was excavated to bedrock and disposed of offsite.  In areas where the cleanup standard 

was met, the area was backfilled with clean soil to the required final grade. 

The primary landfill remedial activity was the excavation and offsite disposal of 

approximately 24,400 tons of landfill waste, affected soil, and sediment.  This material 

was either disposed of at the Morrow Hollow Landfill in Wendell, Massachusetts (20,025 

tons), or mixed with asphalt at the Bardon Trimount facility in Saugus, Massachusetts 

(2,225 tons), or Aggregate Recycling Corporation facility in Eliot, Maine (2,150 tons).   

As required by the USEPA and RIDEM, confirmatory soil samples were collected in 

landfill areas where excavation terminated above the bedrock surface.  The soil samples 

were analyzed for the TCL VOCs and pesticides and results were compared to ROD-

specified soil cleanup standards. The sampling area encompassed the northern third of 

the landfill area. The objective was to confirm complete removal of affected soil.  If 

sample results exceeded the soil cleanup standards, the area represented by the soil 

sample was excavated to bedrock.   
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Representatives from the USEPA, RIDEM, EnSafe, and The Hood Companies performed 

a final inspection of the landfill restoration work on October 5, 1999.  In an October 7, 

1999, letter, USEPA stated that no punch-list items were identified by RIDEM or USEPA 

during the final inspection.  However, the USEPA requested that the Site be inspected 

periodically during the winter and following spring to ensure that erosion control 

measures were intact and to determine whether any additional revegetative efforts and 

erosion control measures would be needed.   

Institutional Controls 

At the time of ROD signature, USEPA noted that it had proposed institutional controls 

with the property owner, Hydro Manufacturing, in a consent decree lodged in federal 

court. Hydro Manufacturing has since been dissolved, and institutional controls were 

never finalized for the site.  Records indicate the property was purchased at auction in 

August 2005; USEPA is in the process of contacting the new property owner.  

System Operations/Operations & Maintenance 

Building Investigation and Demolition 

Operation and maintenance (O&M), which was minimal for the building demolition area 

of the Site, consisted of inspections of the vegetative cover and erosion control 

measures installed after demolition.  The results of the inspections indicate that 

vegetation and erosion control measures worked as designed and intended.  Because 

the vegetation is now well-established, no further O&M is required in this area.  

Treatment Systems 

The GWTS consists of a holding tank for bulk storage, a liquid transfer pump operated 

by a variable frequency drive to transfer water from the holding tank through the water 

treatment system, bag filters for removal of suspended solids, and an air stripper for 

removal of VOCs contained in the groundwater.   
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The VTS treats SVE, MPE, and GWTS off-gas using two 3,000-pound granular activated 

carbon (GAC) vessels connected in series during summer months.  An inline heater is  

installed within the vapor exhaust piping to reduce relative humidity and thereby 

increase carbon adsorption efficiency.  Following treatment in the GAC, off-gas is 

discharged to the atmosphere. Any entrained water collected in the air-water 

separators is pumped to the GWTS.  During winter operations, two 1,800-pound GAC 

units inside the treatment building are used to maintain treatment under cold weather 

conditions.   

Instrumentation and controls for the SVE, MPE, and groundwater extraction and 

treatment systems consist of pressure, vacuum, and temperature gauges; level-sensing 

float switches; liquid differentiating conductivity sensors; pressure and/or flow sensors; 

and time and flow meters.  This equipment is used to monitor run times, vacuums, and 

flow rates, and allows the system to operate unattended.  The control scheme has an 

autodialer incorporated to notify offsite personnel if certain process parameters are 

exceeded. Key operating equipment is interlocked through the master control panel. 

O&M Schedule and Tasks 

The GWE portion of the system operates continuously throughout the year, and the 

MPE and SVE portions operate from May to November of each year.  The remediation 

system will operate until VOC concentrations decrease to below the cleanup standards 

presented in the ROD or until it is determined that it is not feasible to attain the cleanup 

standards . 

Winter GWTS/VTS Operations 

During winter operations, groundwater extraction wells SMW, MW-10, and B-3 are 

operational. The GWTS and VTS both require routine monthly maintenance, as 

described in the Operation, Maintenance, and Monitoring Plan (O&M Plan): Full Scale 
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Remediation System (Version 4.0) (Envirogen, August 2000).  Typical O&M activities 

during the winter months include, but are not limited to: 

�	 Changing bag filters 

�	 Checking/calibrating flow and pH meters 

�	 Publicly owned treatment works (POTW) sampling  

�	 Inspecting inside carbon vessels 

�	 Vapor influent/effluent sampling using a photoionization detector (PID) or other 

organic vapor meter 

�	 Recording process information (flow rates, operating parameters, etc.) 

Winter operations typically require two scheduled maintenance visits per month.  On 

average, one non-scheduled maintenance visit is required per month to respond to an 

alarm call. 

Summer GWTS/VTS Operations 

During summer operations, groundwater extraction wells SMW, MW-10, and B-3 are 

operational, as is the MPE drop tube system.  Again, as described in the O&M Plan, the 

GWTS and VTS both require routine monthly maintenance.  The MPE drop tube system 

requires checking during each maintenance visit, to ensure that drop tubes are set to 

the maximum depth (at the water table). 

Typical O&M activities during the summer months include, but are not limited to: 

�	 Drop tube adjustments 

�	 Changing bag filters 

�	 Checking/calibrating flow and pH meters 

�	 POTW sampling (see Section VI for analytical data) 

�	 Inspection of outside carbon vessels 

�	 Vapor influent/effluent sampling using a PID or other organic vapor meter 

�	 Recording process information (flow rates, operating parameters, etc.) 
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Summer operations typically require two scheduled maintenance visits per month.  On 

average, one to two non-scheduled maintenance visits are required per month to 

respond to an alarm call.   

Conversion for Winter Operations 

During late October/early November, once nighttime temperatures drop below freezing, 

the MPE drop tube system is shut down, the manifold system is flushed with ambient 

air, water is drained from all necessary equipment and manifold lines, and the VTS is 

re-connected to the inside carbon beds. 

Carbon Change-Out 

As noted above, two 3,000-pound GAC vessels are located outside the treatment 

building, while two additional 1,800-pound GAC vessels are located inside the building. 

These vessels have typically required replacement every 9 to 12 months.  Routine PID 

or organic vapor monitoring of pre-carbon, intermediate carbon, and post-carbon vapor 

is used to determine the need for carbon change-out.   

Reporting and Sampling Tasks 

Multiple sampling activities are required as a part of routine at the Stamina Mills Site. 

Monthly POTW Sampling and Reporting 

Monthly POTW sampling involves the collection of treatment system effluent samples 

from a dedicated sampling port and analysis for VOCs and pH by a local laboratory. 

Self-Monitoring Reports and Flow and pH Monthly Reports are submitted in accordance 

with Woonsocket Wastewater Discharge Permit. 

Quarterly Influent Stream Sampling 
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GWTS influent and effluent is sampled quarterly (March, June, September, and 

December) for VOCs from dedicated sampling ports in conjunction with POTW sampling 

events, and submitted to a local laboratory. 

Annual MPE Well Groundwater Sampling 

Groundwater samples from the 22 MPE wells are collected annually and submitted to a 

local laboratory for VOC analysis.   

Wellhead Vapor Sampling 

Vapor sampling is performed using a PID or similar organic vapor meter on SVE and/or 

MPE wellheads four times throughout the year.  In April, prior to MPE well development 

and in October following MPE system shutdown, vapor concentrations in 25 SVE wells 

and 31 MPE wells are evaluated. In June and August, vapor sampling is performed on 

only the 25 SVE wells.  

Landfil l 

Operation and maintenance, which was minimal for the landfill restoration area of the 

Site, consisted of quarterly inspections of the vegetative cover, erosion control 

measures, and riprapped slope during the first year after construction.  The objective of 

the inspections was to determine the condition of each component.   

Inspections indicated vegetation, erosion control, and slope stabilization measures 

worked as designed and intended. Because the vegetation is now well-established with 

first-phase successional growth and the Branch River’s bank is protected with heavy 

riprap, no further O&M is required on the landfill. However, if in the future, the 

vegetation becomes thin or unhealthy or the riprap appears compromised, the area will 

be revegetated and measures will be taken to repair the slope. 
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O&M Cost Evaluation 

Costs for the project since ROD signature are shown in Table 4-5. 

Table 4-5 
Project Costs to Date 

Date Range Activities Costs 
1992 Building demolition and Site 

clearing 
$1,000,000 

1993 through 1999 SVE and Groundwater RD,  
Construction, Startup 

$5,900,000 

1995 through 1999 Landfill RD and Construction/ 
Removal 

$3,100,000 

2000 GWTS, SVE, MPE operations $150,000 
2001 GWTS, SVE, MPE operations $150,000 to 200,000 [a] 

2002 GWTS, SVE, MPE operations $160,000 to 210,000 [a] 

2003 GWTS operations, MPE 
modifications 

$18,000 

2004 GWTS and MPE operations $100,000 
2005 [b] GWTS and MPE operations, five-

year review 
$60,000 

Notes: 

[a] Estimated costs: complete financial information unavailable. 

[b] Through June 1, 2005 
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V. Progress Since the Last Review – Not Applicable 

This is the first five-year review conducted for the Stamina Mills Site. 

Five-year Review Report - 44 



VI. Five-Year Review Process 

Administrative Components 

USEPA notified C&A of the start of the five-year review process in August 2004; Kayser-

Roth provided technical support for the five-year review process after C&A terminated 

its support for the Site.   

The review team is described in Table 6-1. 

Table 6-1 
Five-Year Review Project Team 

Role Team Member Affiliation 
Project Manager Byron Mah USEPA 
Primary Authors Lori Anne Goetz EnSafe Inc.  
Community Involvement 
Coordinator 

Sarah White USEPA 

Technical Support Jim Thomas C&A Project Manager 
Todd Howard Kayser-Roth Project Manager 

Site Project Manager for RIDEM Louis Maccarone RIDEM 
Lori Anne Goetz EnSafe Inc. 

The original schedule for completion of the five-year review is outlined below: 

� Public notice – October 2004 

� Site inspection – October 2004 

� Interviews – October 2004 through February 2005 

� Submittal of the Draft 2005 Five-Year Review – June 2005 

� Submittal of the Final 2005 Five-Year Review – September 2005 

Community Notification 

At USEPA’s direction, community notification occurred via a public notice in the 

Woonsocket Call on October 14, 2004, that a five-year review was being performed.  A 

copy of this public notice is provided in Appendix D. 
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Once the 2005 Five-Year Review is finalized, a public notice indicating completion of the 

review and its findings will be placed in the Woonsocket Call. Copies of the 2005 Five-

Year Review will be placed in the two public information repositories: 

USEPA Record Center, 11th Floor 

One Congress Street 

Boston, Massachusetts 02114-2023 

(617) 918-1440 

North Smithfield Public Library 


20 Main Street 


Slatersville, Rhode Island 


(401) 767-2780.  


Other Community Outreach Activities 

On April 6, 2005, USEPA hosted a information availability session at the North Smithfield 

Public Library. USEPA answered community members’ questions regarding the Site 

and the five-year review process. A copy of the notification regarding the information 

availability session is included as Appendix E. 

During April 2005, USEPA also conducted a water-use survey to determine which 

residences are still using groundwater for potable or non-potable purposes; this survey 

is included as Appendix F. A total of 161 surveys was sent to residents living north of 

School Street; 91 responses were provided (56% response rate).  Survey responses are 

included in Appendix G. 

Comments received on the surveys included the following: 

�	 Questions whether pumping at the Site could adversely affect production in 

residential wells. 
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�	 Criticism about the lack of information provided to the public about the Site, 

specifically since the mid-1990s. 

�	 Questions regarding why new wells are being installed in the area. 

�	 Interest in dropping public water supply and using inactive or non-potable use 

wells. 

�	 Questions regarding progress of remedial actions at the Site. 

�	 Commendations for cleanup of the Site. 

Survey responses were used to identify residents interested in participating in 

subsequent residential well sampling, described in Section VII; these residents were 

sent additional correspondence included in Appendix H. 

Appendix I includes newspaper articles regarding the Site published during the five-year 

review period. 

Document Review  

The documents reviewed for Site history and remediation data: 

�	 Report of Pump Test of the Forestdale Water Association Well, Stamina Mills 

Superfund Site, North Smithfield, Rhode Island (GHR Engineering Associates, 

Inc.; March 1989). 

�	 Remedial Investigation Report, Stamina Mills Site, North Smithfield, Rhode Island 

(GHR Engineering Associates, Inc.; January 1990). 
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�	 Feasibility Study Report, Mills Site, North Smithfield, Rhode Island  GHR 

Engineering Associate s , Inc.; June 1990) 

�	 Record of Decision, Stamina Mills Site, North Smithfield, Rhode Island (USEPA; 

September 28, 1990). 

�	 Project Operations Plan, Stamina Mills Superfund Site, North Smithfield, Rhode 

Island, USEPA Docket No. I-91-1070, Revision C (Envir onment al and Safety 

Designs, Inc.; March 1992). 

�	 Stamina Mills Site, North Smithfield, Rhode Island: Building Investigation and 

Demolition Report, Revision B (S verdrup Environmenta l, Inc.; January, 1993). 

�	 Predesign Report, Stamina Mills Superfund Site, North Smithfield, Rhode Island, 

USEPA Docket No. I-91-1070, Revision A (Env ironm e ntal and Safety Designs, 

Inc.; January 1995). 

�	 Preliminary Design Basis Report, Stamina Mills Superfund Site, North Smithfield, 

Rhode Island, USEPA Docket No. I-91-1070 (Enviro n m e ntal and Safety Designs, 

Inc.; March, 1996). 

�	 VOC Mass Flux Evaluation Summary, Full Scale SVE/MPE System at Stamina Mills 

NPL Site, North Smithfield, Rhode Island (ENVIROGEN, Inc.; February 1998). 

�	 Air Data Summary Report, Stamina Mills NPL Site, North Smithfield, Rhode 

Island, USEPA Docket No. I-91-1070 (EnSafe Inc . ; February 1999). 
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�	 Basis of Design Memorandum, Installation of Groundwater Recovery System, 

Stamina Mills Superfund Site, North Smithfield, Rhode Island, USEPA Docket No. 

I-91-1070 (EnSafe Inc.; May 1999). 

�	 Operation, Maintenance, and Monitoring Plan, Full Scale Remediation System at 

Stamina Mills Superfund Site, North Smithfield, Rhode Island, Version 4.0 

(ENVIROGEN, Inc.; August 2000). 

�	 Remedial Action Report Soil and Groundwater Remedy, Stamina Mills Superfund 

Site, North Smithfield, Rhode Island, USEPA Docket No. I-91-1070 (EnSafe Inc.; 

January 2001). 

�	 Annual Summary Report, 2000 Operating Season, Stamina Mills Superfund Site, 

North Smithfield, Rhode Island (ENVIROGEN, Inc . ; March 2001). 

�	 Phase III Groundwater Monitoring Work Plan, Stamina Mills Superfund Site, 

North Smithfield, Rhode Island, USEPA Docket No. I-91-1070, Revision 1 (E nSafe 

Inc.; October 2001). 

�	 Annual Summary Report, 2001 Operating Season, Stamina Mills Superfund Site, 

North Smithfield, Rhode Island, Assessment Period January 1 2001 through 

December 31, 2001 (ENVIROGEN, Inc . ; March 2002). 

�	 2002 Annual Report, Stamina Mills Superfund Site, North Smithfield, Rhode 

Island, USEPA Docket No. I-91-1070, Revision 0 (EnSafe, April 2003). 

�	 Technical Memorandum – Second Quarter 2003 Operations and Analytical 

Summary, Stamina Mills Superfund Site, North Smithfield, Rhode Island, USEPA 

Docket No. I-91-1070, Revision 0 (EnSafe Inc.; September 2003). 
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�	 Technical Memorandum – Third Quarter 2003 Operations and Analytical 

Summary, Stamina Mills Superfund Site, North Smithfield, Rhode Island, USEPA 

Docket No. I-91-1070, Revision 0 (EnSafe Inc.; November 2003). 

�	 Technical Memorandum – Fourth Quarter 2003 Operations and Analytical 

Summary, Stamina Mills Superfund Site, North Smithfield, Rhode Island, USEPA 

Docket No. I-91-1070, Revision 0 (EnSafe Inc.; March 2004). 

�	 2003 Annual Report, Stamina Mills Superfund Site, North Smithfield, Rhode 

Island, USEPA Docket No. I-91-1070, Revision 0 (EnSafe, June 2004). 

�	 Technical Memorandum – First Quarter 2004 Operations and Analytical 

Summary, Stamina Mills Superfund Site, North Smithfield, Rhode Island, USEPA 

Docket No. I-91-1070, Revision 0 (EnSafe Inc.; June 2004). 

�	 Technical Memorandum – Second Quarter 2004 Operations and Analytical 

Summary, Stamina Mills Superfund Site, North Smithfield, Rhode Island, USEPA 

Docket No. I-91-1070, Revision 0 (EnSafe Inc.; September 2004). 

�	 Fourth Phase III Sampling Event – June 2004, Phase III Groundwater Monitoring 

Report, Superfund Site, North Smithfield, Rhode Island, USEPA Docket No. I-91-

1070, Revision 0 (EnS afe Inc . ; October 2004). 

Pertinent sections of these documents (i ncl u di ng RA Os, cl eanup standards, etc.) ar e 

summarized in this five-year review. 
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Data Review 

Multiple data sets were reviewed during the five-year review process, including: 

� SVE and MPE performance. 

� GWE performance. 

� GWTS and VTS performance. 

� Phase III groundwater monitoring data. 

� GWE monitoring data. 

� Annual MPE sampling results. 

These data sets are discussed in more detail in the following sections. 

SVE and MPE-Vapor System Performance 

The SVE and MPE-vapor components extract vapor from contaminated overburden in 

the former TCE spill area. SVE/MPE-vapor system performance can be evaluated using 

the percent of available time the system has been in operation and the quantity of 

contaminant mass removed.   

The SVE system was started in late 1997 and has been operated seasonally through 

2002. However, due to low contaminant concentrations, this system has not operated 

since 2003. This system has been maintained in a stand-by, ready-to-restart condition 

in the event it is needed in the future.   

Percent Operational 

SVE operations, initially limited by technical problems with photocatalytic oxidation 

offgas control units in 1998 and 1999, were improved significantly since the vapor 

treatment approach was modified to use carbon in 2000, as shown in Table 6-2.  Since 

2000, the system maintained operations more than 80% of the season; 2002 

operations exceeded six months of uptime.  Since 1998, the SVE extraction network 

was optimized prior to and during each operating season using static and dynamic 
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vapor concentrations measured at wellheads.  Removal was targeted specifically at 

those vapor extraction wells exhibiting the highest vapor concentrations, therefore the 

active system extracted from different SVE wells throughout the season. 

Table 6-2 
SVE/MPE-Vapor Operating Statistics 1998 through 2004 

Year 
SVE MPE-V 

Possible Days Actual Days Percent Possible Days Actual Days Percent 
1998 179 75 42% irregular 
1999 178 73 41% 180 54 30% 
2000 180 151 84% 181 89 49% 
2001 180 144 80% 178 66 37% 
2002 191 191 100% 180 135 75% 
2003 SVE System Not Operated 0% 140 104 74% 
2004 SVE System Not Operated 0% 140 125 89% 

Notes: 
SVE Soil vapor extraction

MPE-V Multi-phase extraction, vapor component. 

Based upon total operating season of 6 months (180 days). 

MPE up-time in 1998 and 1999 was limited by pump siltation and treatment interruptions due to problems with the


photocatalytic oxidation unit. 
2002 operating period was longer than “expected” due to early April startup (favorable weather conditions). 

Weather conditions at the Site typically preclude system startup until late April/early 

May, and systems are winterized in October each year.  Each spring, MPE-groundwater 

extraction pumps are started before the MPE-vapor system in an attempt to dewater 

the saprolite zone.  However, seasonal fluctuations in the water table and periodic 

siltation of pumps likely have prevented uniform dewatering.  Consequently, the MPE-

vapor system was operational for shorter time periods than the vadose zone SVE 

network, and vapor extraction has not likely been carried out uniformly across the 

entire MPE target zone. 

Operating outages associated with MPE well siltation had adversely affected dewatering 

performance from the beginning.  More frequent MPE-GW pump inspections and 

maintenance have resulted in an increase in MPE uptime since 2001, at the cost of 

additional labor hours.  However, it was not clear that dewatering operations were 
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significantly improved.  Pumping did not appear to suppress the water table uniformly 

over the entire TCE spill area, as adjacent non-pumping wells do not exhibit significant 

drawdown under pumping conditions and rapid recharge is noted during water-level 

monitoring events.  Thus despite pumping, under low water table conditions 44% of the 

MPE wells exhibited total saturation of the well screens, and almost 70% exhibited 

more than 50% saturation. Under high water table conditions, 30 out of 34 MPE well 

screens were more than 50% saturated — the majority (73%) were fully saturated.   

In 2003, after evaluation of performance data and O&M records, the vapor extraction 

and submersible pneumatic pump dewatering system used since system inception was 

mothballed due to siltation. Ten wells were selected for implementing a drop tube 

vapor/groundwater extraction system. The existing liquid ring pump is used to remove 

air and water through flexible drop tubes set at the water table; vapor and groundwater 

are removed using the existing manifold system.  System performance has resulted in 

an increase in groundwater extraction rates from the MPE system, as well as improved 

vapor recovery. 

Mass Removal 

Operation of the SVE/MPE systems was expected to be conducted for two to four years. 

During this period, maximum mass removal was expected to occur within the initial six 

to 12 operating months. Mass removal rates followed this pattern, as shown in Table 6

3. 

During the first two seasons of operation, approximately 1,254 lbs of TCE were 

removed from the TCE spill area.  This is roughly 78% of the total mass removed by the 

vapor-phase system. As was expected, the bulk of this mass was obtained from the 

MPE-vapor system (62%). Since 2000, however, the vapor-phase mass removal rate 

has decreased significantly.  Mass removed annually by SVE and MPE-vapor stabilized 

between 60 and 80 lbs for 2001 and 2002.  Operations data for 2003 did not represent 
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full-scale operations for the entire season, but 32 pounds of TCE were removed from 

the MPE system during 2004. This value represents both contaminant in the vapor 

phase, as well as TCE stripped from the aqueous phase in the MPE manifold.  

Table 6-3 
SVE/MPE-Vapor Mass Removal Data 1998 through 2004 (pounds) 

1998 1999 2000 2001 2002 2003 2004 
SVE 275 206 67 42 50 640 

402 371 91 24 31 16 32 967 

System Total 
SVE System Not Operated 

MPE-V 
Total 677 577 158 66 81 16 32 1,607 
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Attainment of asymptotic conditions alone does not define successful performance of an 

SVE system, as discussed in the USEPA guidance document for assessment of soil 

venting performance (Development of Recommendations and Methods to Support 

Assessment of Soil Venting Performance and Closure; USEPA, 2001; EPA/600/R-

01/070). However, the Site’s design approach was careful to identify fully locations for 

vapor extraction wells and space extraction wells for effective subsurface air flow. 
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While vadose zone soil at the Site is heterogeneous, the remedial design process 

accounted for subsurface variability.  Given the extent of contamination, remedial 

design approach, system performance, and operations of the SVE system, assessment 

of data from 1998 through 2002 indicate vapor concentrations from vadose soil have 

reached an asymptotic condition, and this condition represents removal of all readily 

available mass from overburden soil. Any residual concentrations observed in SVE  

vapor are expected to be from diffusion of contaminants found in saturated saprolite 

(MPE). 

GWE/MPE-Groundwater System Performance 

Similar to the SVE/MPE-vapor system, the GWE/MPE-groundwater system’s 

performance can be evaluated using the percent of available time the system has been 

in operation and the quantity of contaminant mass removed.   

Percent Operational 

Overall, as shown on Table 6-4, GWE system uptime has been better than 80% since 

2001. Problems encountered since startup were primarily one-time failures of parts or 

subsystems, and were remedied by replacement.  Recurrence of similar problems is not 

expected until the service life of these parts is expended.  The only recurrent causes for 

GWE system downtime during the operational period are associated with GWTS alarms, 

and, for the MPE component, siltation of pneumatic pumps.   
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Table 6-4 
GWE/MPE-GW Operating Statistics 1998 through 2004 

Year 
GWE MPE-GW 

Total Days Percent Total Days Percent 
1988 Irregular Irregular 

1999 54 30% 

2000 164 77% 89 49% 

2001 319 87% 66 37% 

2002 306 84% 135 75% 

2003 319 88% 104 74% 
2004 318 87% 125 89% 

Notes: 
1998 and 1999 data reflect air stripping of MPE-GW. 

GWE assessment for 2000 based on total operating season of 216 days (May 30 through December 31).  

GWE assessment for 2001 and 2002 based upon total operating season of 12 months (365 days). 

MPE-GW assessment based upon total operating season of 6 months (180 days).  Note that 2002 operating period

was longer than “expected” due to early April startup (favorable weather conditions). 


Flow from the GWE system has been monitored closely since 2000, when flow meters 

were installed as part of GWE/GWTS startup. As can be seen from Table 6-5, total flow 

reached or exceeded 4 million gallons per year (MGY) from 2001 through 2004, with 

the average rate ranging from 8 to 10 gpm from the total system.  Peak flow, with all 

systems operating concurrently, is estimated to be 18 to 25 gpm during the summer 

operating season, as projected during design. The highest contribution of groundwater 

extracted by the system was from B-3 from 2000 through 2002 and MW-10 for 2003 

and 2004. 

Table 6-5 


GWE/MPE-GW Flow Data 1998 through 2004 (MGY) 


Component 1999 2000 2001 2002 2003 2004 Total Flow


SMW 0.63 1.15 1.41 1.24 1.12 5.55 

-- 1.28 2.10 1.77 1.52 1.19 7.86 

MW-10 0.40 1.36 0.90 1.91 1.44 

MPE-GW 0.48 0.30 0.75 0.28 0.21 0.24 

6.01 

2.26 

Total Flow 0.48 2.61 5.36 4.36 4.88 3.99 21.68 

Five-year Review Report - 56 



-- -- -- 

-- -- -- 

Vo
lu

m
e 

(m
iil

io
n 

ga
llo

ns
) 

2.00 

1.50 

1.00 

0.50 

0.00 0.
00

 

0.
63

 

1.
15

 

1.
41

 

1.
24

 

0.
00

 

1.
28

 

2.
10

 

1.
77

 

1.
52

 

1.
19

 

0.
00

 

0.
40

 

1.
36

 

0.
90

 

1.
91

 

1.
44

 

0.
48

 

0.
30

 

0.
75

 

0.
28

0.
24

 

MW 

Stamina Mills Cumulative Pumping Volumes 

1.
12

 

0.
21

2.50 

SMW 
B-3 

-10 
MPE-GW 

1999 2000 2001 2002 2003 2004 

Year of Operation 

Mass Removal Data 

Estimated mass contributions from each of the GWE system components are shown in Table 6

6. Since commencement of full-scale GWE pumping in 2000, mass removal rates have 

decreased from a maximum of 471 pounds per year (lbs/year) in 2000 to 147 lbs/year in 2004. 

The MPE-GW system removed a total of 492 lbs in 1998 and 1999.  Total mass removal through 

the MPE-GW/GWE system since 1998 has been 1,833 lbs. 

Table 6-6 
GWE System Components – Estimated Mass Contributions 

Year 

SMW B-3 MW-10 MPE-GW 

Total 
Mass 
(lbs) 

Percent Mass 
(lbs) 

Percent Mass 
(lbs) 

Percent Mass 
(lbs) 

Percent 

1998 0% 0% 0% 110 100% 110 
1999 0% 0% 0% 382 100% 382 
2000 5 1% 97 21% 156 33% 213 45% 471 
2001 15 4% 79 24% 143 43% 97 29% 333 
2002 24 9% 42 16% 158 60% 37 14% 261 
2003 6 5% 41 32% 69 55% 10 8% 126 
2004 6 4% 35 24% 106 72% 0 * 0% 147 
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Table 6-6 
GWE System Components – Estimated Mass Contributions 

Year 

SMW B-3 MW-10 MPE-GW 

Total 
Mass 
(lbs) 

Percent Mass 
(lbs) 

Percent Mass 
(lbs) 

Percent Mass 
(lbs) 

Percent 

Total 57 294 663 849 1,833 
Notes: 
Mass flow estimated based on quarterly sampling results.  
Mass contributions for 2000 based on maximum concentrations; data from PS-15, Nov. 2001 assumed for MPE-GW 

influent. 
* 	 Mass contributions from the MPE system (combined vapor and groundwater streams) was 32 pounds during 

2004. 
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These data indicate that in 2000 and 2001, the majority of mass into the GWTS was derived 

from MW-10 and MPE-GW, even though flow rates from these wells comprise only 30 to 40% of 

the total flow to the GWTS.  From 2001 through 2004, MW-10 continued to contribute the 

majority of mass.  This is consistent with the investigation results from 1994 through 1997, 

which indicated the majority of TCE mass is present in the saprolite and identified the 

DNAPL-containing fracture in MW-10 at 25 feet bgs. 
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Mass removal rates from B-3, which is intended to recover groundwater from offsite, have 

decreased significantly since system startup, despite increases in flow rate.  If this downward 

trend continues, mass removal from this well may become negligible compared to the mass 

already recovered (294 pounds) and the volume of extracted groundwater requiring treatment. 

Given these decreases in mass removal rates, natural groundwater gradients, which induce flow 

south toward the Stamina Mills Site, may be sufficiently protective for maintenance of the 

Compliance Boundary. 

Mass removal rates from the MPE-groundwater system are shown as negligible due to the fact 

that the aqueous phase contaminants strip into the vapor stream within the MPE manifold.  As 

discussed in the 2004 Summary Annual Report (EnSafe, April 1, 2005), MPE vapor 

concentrations suggest that the MPE system contributed between 10% and 45% of the VOC 

loading to the VTS during the 2004 operating system, with an average contribution of 19%, or 

approximately 32 pounds, for the year.  The MPE’s overall mass contribution (measured by 

combining both vapor and aqueous streams) is greater than that provided by the SMW. 

Groundwater and Vapor Treatment System Performance 

As shown in Table 6-7, the GWTS has operated consistently since installation in 2000, 

with a typical operations rate of 80% to 87%.  To date, over 20 million gallons of 

groundwater have been extracted and treated at the Stamina Mills Site.  Total mass 

removal from groundwater since 1998 has been 1,830 lbs. 
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Table 6-7 
GWTS Operations Data 1998 through 2004 

Component 1998 1999 2000 2001 2002 2003 2004 
Total Flow 
(million gallons) -- [a] 0.48 [b] 2.63 5.18 3.99 4.88 3.99 

System % 
Operational 77% 87% 84% 88% 87% 

Influent TVOCs 
(mg/L) 63 to 89 8 to 38 0.7 to 9.0 4.8 to 

17.8 
9.3 to 

38.9 0.8 to 5.5 1.6 to 
5.14 

Effluent TVOCs 
(mg/L) 

0.02 to 
0.37 ND to 0.03 ND ND to 0.12 ND to 0.01 ND to 

0.005 
ND to 
0.005 

Total Mass 
Removed (lbs) 110 382 471 333 261 126 147 

Notes: 
[a] 	 In 1998, process data reflected combined vapor from SVE-V, MPE-V, and the air stripper.  MPE-GW flow 

rates were not presented in the Air Data Summary Report (EnSafe, 1999). 
[b] 	 In 1999, an additional 1.6 MG of potable make up water was added to the GWTS as a result of maintaining 

sufficient water supply to the acid scrubber. 

Recurring operational problems noted within the GWTS since 2000 have included system control 

issues, such as bag filter and air stripper pressure sensors, holding tank high-level alarms, and 

flow meter low-flow/sensitivity issues.  These operational problems are not associated with 

design flaws, nor do they inhibit system effectiveness.  Since the primary function of 

groundwater extraction is mass removal (as opposed to containment) and that mass removal is 

governed for the most part by diffusion, only downtime durations exceeding weeks or months 

would be significant when evaluating overall system performance. 

VTS effectiveness has more than doubled since 2000, when the photocatalytic oxidation system 

was replaced with granular activated carbon for offgas control.  Total mass removed by the 

VTS is approximately 3,466 lbs. Performance data are presented in Table 6-8. 

Table 6-8 
VTS Operations Data 1998 through 2004 

Component 1998 1999 2000 2001 2002 2003 2004 
Average Air Flow (scfm) 341 475 661 780 626 330 342 
System % Operational 42% 41% 84% 80% 100% 88% 87% 
Total Mass Removed (lbs) 788 959 640 452 356 102 169 

Notes: 
scfm standard cubic feet per minute 
lbs pounds 
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Reduced removal efficiencies were noted late in 2004 due to delays in carbon change-

out. Air emissions compliance data indicate that contaminant emissions rates have not 

exceeded Regulation No. 9 limitations during the operating period. No recurring 

operational problems have been noted regarding VTS performance since installation of 

the carbon units. 

Groundwater Monitoring 

Monitoring presently is performed once every nine months; in 2004, this sampling event 

was performed in June. A total of eight wells (four onsite and four offsite) are sampled 

for VOCs as outlined in the Phase III Groundwater Monitoring Work.  The sample 

locations are shown in Table 6-9, and on Figure 6-1, found in Appendix A. 

Table 6-9 
Phase III Groundwater Monitoring Wells 

Well Depth (ft) Sampling Location Sample Technique Notes 
A-175 NA VFW Hall Tap 1-hour purge 
I-37 350 Private Residence Submersible pump 10-hour purge 

I-12 450 Private residence Submersible pump 10-hour purge 
MW-17 86 Offsite Submersible pump Flowing artesian well 
MW-2 52 Onsite Submersible pump 
SMW 275 Treatment Building Dedicated sample port 
B-10 50 Treatment Building Dedicated sample port 
B-3 150 Treatment Building Dedicated sample port 

Offsite groundwater has exhibited decreasing contaminant concentrations in all four 

offsite wells, as shown in Table 6-10. A-175, I-12, and MW-17 all comply with the 

ROD goal for TCE in groundwater (5 µg/L).  Contaminant concentrations in I-37, the 

only Phase III offsite well still exceeding ROD goals, have decreased by an order of 

magnitude since 1998. 
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Table 6-10 
Historical Offsite Monitoring-Well TCE Concentrations 

(Phase III Round 1 Wells) (Fg/L) 
A-175 I-12 I-37 MW-17 

Nov-92 1 43 120 NS 
Sep-93 ND (<1) 130 130 9 
Dec-93 ND (<1) 150 190 44 
Mar-94 ND (<1) 15 110 NS 
Jun-94 ND (<1) 46 97 ND (<1) 
Oct-94 ND (<1) 170 130 ND (<1) 
Dec-94 ND (<1) 140 100 ND (<1) 
Mar-95 ND (<1) 170 95 ND (<1) 
Jun-95 ND (<1) 85 110 ND (<1) 
Oct-95 ND (<1) 120 110 ND (<1) 
Mar-96 ND (<1) 150 63 ND (<1) 
Sep-96 ND (<1) 54 70 ND (<1) 
Mar-97 ND (<1) NS 110 ND (<1) 
Sep-97 ND (<1) 110 100 ND (<1) 
Jun-98 ND (<1) 120 130 ND (<1) 
Mar-99 ND (<1) 2.0 55 ND (<1) 
Dec-99 ND (<1) 92 79 ND (<1) 
Sep-00 ND (<1) 4.0 35 ND (<1) 
Mar-02 ND (<0.6) 3.0 28 ND (<0.6) 
Dec-02 ND (<0.6) 3.1 15 ND (<0.6) 
Sep-03 ND (<0.6) 10 4.7 0.98 
Jun-04 ND (<0.6) 2.3 14 ND (<0.6) 

Notes: 
TCE = Trichloroethylene 
Fg/L = micrograms per liter 
ND (<1) = Not detected at a method reporting limit of 1 µg/L 
NS = Not sampled 

As discussed in the Phase III Groundwater Monitoring Work Plan (EnSafe, 2001), contaminant 

trends in these wells will be monitored until concentrations are less than the ROD-prescribed 

cleanup standards.  Once concentrations in these outer wells meet the ROD goals, Stage 2 wells 

closer to the compliance boundary (I-7, I-20, I-24, I-28, and I-31) will be monitored to assess 

remediation of TCE affected groundwater; well locations are shown in Figure 6-1.   

Concentrations in onsite wells monitored as part of the Phase III monitoring program 

are typically consistent with historical data as shown in Table 6-11.   
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Table 6-11 
Historical Onsite Monitoring Well TCE Concentrations 

(Phase III Round 1 Wells) (µg/L) 
SMW B-3 MW-10 [1] MW-2 

Nov-92 3,300 NS NS 85,000 
Sep-93 4,200 NS NS 170,000 
Dec-93 2,700 NS NS 94,000 
Mar-94 830 NS NS 28,000 
Jun-94 4,000 NS NS 120,000 
Oct-94 53,000 NS NS 110,000 
Dec-94 150 NS NS 32,000 
Mar-95 NS NS 4,400 38,000 
Jun-95 3,500 NS 13,000 130,000 
Oct-95 5,300 NS 21,000 100,000 
Mar-96 2,100 NS 2,700 62,000 
Sep-96 1,900 NS 25,000 94,000 
Mar-97 3,800 NS 5,900 32,000 
Sep-97 4,100 NS 36,000 2,200 
Jun-98 2,600 NS 1,900 42,000 
Mar-99 4,500 NS 510 220,000 
Dec-99 3,000 NS 570 16,000 
Sep-00 NS 9,200 49,000 43,000 
Mar-02 3,100 4,900 14,000 60,000 
Dec-02 2,500 3,600 15,000 27,000 
Sep-03 4,300 1,100 790 170,000 
Jun-04 600 4,000 6,400 15,000 

Notes: 
TCE = Trichloroethylene 
SMW = Stamina Mills Well 
Fg/L = micrograms per liter 
NS = Not Sampled 
[1] Prior to March 1995, MW-10 was sampled using multilevel sampling ports and data are not directly 
comparable; data after March 1995 are from the 26 foot bgs interval. 

SMW data pre-June 1995 are not depth-specific; data after June 1995 are from the 26 foot bgs interval. 


Although the wells exhibit large concentration fluctuations from one sampling event to 

the next, they appear to show subtle decreasing trends over the long term.  This is 

evident in the dotted trend lines added to the following charts of each well’s historical 

TCE concentration data. Figure 6-2 (found in Appendix A) shows the TCE plume as 

quantified during the June 2004 sampling event.  Historical data (pre-1992) are shown 

in Appendix B. 
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These trends will continue to be monitored as part of Phase III monitoring. 
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System Monitoring Results 

All quarterly monitoring data for MW-10, SMW, and B-3 obtained since system startup in 2000 

are summarized in Table 6-12.  This quarterly data indicates that the three wells exhibit variable 

concentrations throughout each year as well as over the long term.  

It should be noted that operations-related data are collected more frequently (quarterly) than 

Phase III monitoring data presented in Table 6-11; quarterly events do not coincide with 

Phase III events during those months in which both events occur.  Overall, the data from 2000 

through 2004 correlate well; however, some variability is expected when comparing datasets, 

given the sensitivity of fracture flow to rainfall events and system operations.  Quarterly 

datasets have consistently indicated seasonal variability in system influent. 

Table 6-12 

TCE Concentrations in SMW, B-3, and MW-10 — 2000 through 2004 (µg/L) 


SMW B-3 MW-10 

2000 
First Quarter NA NA NA 

420 1,330 1,410 
Third Quarter 930 9,200 49,000 
Fourth Quarter NA NA NA 

Second Quarter 

2001 
First Quarter NA NA NA 
Second Quarter 140 6,000 1,400 
Third Quarter 1,320 3,360 23,000 
Fourth Quarter 1,500 3,740 12,000 
2002 
First Quarter NA NA NA 

360 1,200 350 
Third Quarter 3,400 5,900 56,000 
Fourth Quarter 2,200 1,400 5,500 
2003 
First Quarter 330 1,200 1,400 

590 3,400 3,400 
Third Quarter 800 4,900 8,300 
Fourth Quarter 610 3,800 7,600 
2004 
First Quarter 720 820 2,000 

370 3,200 6,900 
Third Quarter 490 3,200 13,000 
Fourth Quarter 720 3,300 8,400 

Second Quarter 

Second Quarter 

Second Quarter 

MW-10 is the most variable, with concentrations typically ranging from less than 2,000 :g/L to 

more than 20,000 :g/L in a given year.  Third and fourth quarter concentrations in MW-10, 

Five-year Review Report - 66 



however, typically appear to be higher than second quarter results.  These high concentrations 

seem to occur after seasonal high water table conditions, typically observed in Site wells in 

May and June, during which time groundwater extends above the top of the saprolite zone in 

some locations.  Data from the third quarter typically exceeds 1% of TCE’s solubility limit in 

water.   These high concentrations could result from dry summer conditions that greatly reduce 

the potential for dilution encountered during wetter periods of the year.  

Data indicate that SMW exhibits the least contamination of the three GWE wells.  TCE 

data from B-3 typically ranges from 1,000 :g/L to 3,000 :g/L, with no apparent trends. 

MPE Sampling Results 

2001 and 2002 sampling data from selected saprolite (MPE) wells indicated that 

shallow, source-area groundwater concentrations remained elevated, with 

concentrations comparable to water from the GWE system, as shown in Table 6-13. 

These results are also shown on Figure 6-3, in Appendix A.  These data show order-of-

magnitude decreases in TCE concentrations in several MPE wells since the drop-tube 

modifications were implemented in 2003.  The MPE drop tube system’s configuration is 

modified annually to extract groundwater and vapor from the most highly contaminated 

wells. 
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Table 6-13 
Select MPE Well TCE Concentrations (µg/L) 

Well Terminal 
Depth Elevation 

Well (ft bgs) (ft amsl) April 2002 April 2003 April 2004 April 2005 
PS-01 21 189 5,300 740 120 180 
PS-02 25 184 NS 360 290 45 
PS-04 20 188 NS 2,800 6,000 660 
PS-05 22 186 22,000 2,400 3,300 960 
PS-06 25 183 NS 3,400 4,200 8,700 
PS-07 26 182 NS 53,000 12,000 610 
PS-08 25 183 NS 4,200 4,900 6,200 
PS-09 25 183 NS 1,200 1,600 450 
PS-12 21 186 NS 14,000 490 12,000 
PS-13 24 184 NS 26,000 4,400 3,600 
PS-15 28 180 30,000 7,100 940 810 
PS-16 20 188 NS 5,800 1,900 5,700 
PS-17 22 185 NS 3,400 3,300 1,600 
PS-18 24 184 630 970 380 290 
PS-24 25 183 3,600 3,900 1,100 410 
S-2 19 183 30,000 1,100 250 1,400 
S-03 19 182 NS 26,000 160 10,000 
S-06 15 186 NS 250 5,000 130 
S-08 16.5 186 NS 300 400 NS 
S-09 14 189 NS 180 400 300 
S-10 18 185 2,200 450 660 740 

Notes: 
µg/L micrograms per liter 
NS Not sampled 
ft bgs feet below ground surface 
ft amsl feet above mean sea level 

Site Inspection 

The Site inspection was performed on October 14, 2004.  The following team members 

were present for the Site inspection: 

� Byron Mah, USEPA 

� Sarah White, USEPA 

� Mike Jasinski, USEPA 

� Neil Handler, USEPA 

� Louis Maccarone, RIDEM 

� Jim Thomas, C&A 

� Lori Goetz, EnSafe Inc. 
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The inspection team reviewed Site history and ongoing operations.  During the Site 

inspection, Mr. Mah noted the following items/issues: 

�	 Offsite institutional controls must be addressed in the 2005 Five-Year Review due 

to recent well installation activities by adjacent offsite property owners. 

�	 Review of toxicity and risk data would not be performed as part of the 2005 Five-

Year Review; however, because (a) cleanup goals onsite are based on protection 

of groundwater, and (b) toxicity data for TCE are currently under review by 

USEPA, the document will not recalculate health risks due to soil contamination. 

The 2005 Five-Year Review will address risks for vapor intrusion from 

groundwater in accordance with current guidance and available screening data. 

�	 The adequacy of current data collection for RA should be reviewed during the 

2005 Five-Year Review. 

No other conclusions/findings were identified during the Site inspection.  Photographs 

documenting Site features on October 14, 2004, are included in Appendix J. 

Interviews 

Several local officials and community members were interviewed for the 2005 Five-Year 

Review, as shown in Table 6-14. 

Table 6-14 
Five-Year Review Interviews 

Person Contacted Position/Affiliation Date Interviewed Location 
Linda Thibault North Smithfield Town Administrator October 14, 2004 North Smithfield 
Michael Phillips North Smithfield Town Planner/ Town Hall 

Environmental Advocate 
Neil Handler USEPA, former remedial project 

manager (RPM) 
January 20, 2005 Telephone interview 

Louis Maccarone RIDEM, current RPM January 20, 2005 Telephone interview 
Robert Lowe North Smithfield Town Administrator February 17, 2005 North Smithfield 
Philip Kacorowski North Smithfield Town Planner/ Town Hall 

Department of Public Works 
Michael Philips North Smithfield Town Planner/ 
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Table 6-14 
Five-Year Review Interviews 

Person Contacted Position/Affiliation Date Interviewed Location 
Environmental Advocate 

Manuel Alverez North Smithfield Town Planner/ 
Environmental Advocate 

Michael Connolly Deputy Superintendent of 
Enforcement, City of Woonsocket 

February 17, 2005 City of Woonsocket 
Waste Water/ Pre-

Reney Ann Mondoux 
Waste Water/ Pre-Treatment 
Facility 

Treatment Facility 

Pretreatment Inspector, City of 
Woonsocket Waste Water/ Pre-
Treatment Facility 

October 14, 2004:  Linda Thibault and Michael Phillips 

Mr. Mah and Mrs. Goetz interviewed Linda Thibault, North Smithfield Town 

Administrator, and Michael Phillips, North Smithfield Town Planner/Environmental 

Advocate, on October 14, 2004.  Neither Ms. Thibault nor Mr. Phillips identified any 

community concerns regarding the Stamina Mills Site.   

The Town inquired about future use of the property for passive recreation (park, 

walking/bicycling trail, etc.).  Mr. Mah indicated that while no risks are posed at the 

ground surface under a passive recreation scenario, current operations preclude use 

due to the presence of aboveground piping used for treatment of deeper zones 

(approximately 20 feet bgs). Over the next several years USEPA and Kayser-Roth will 

evaluate the remedy’s success in cleaning up the deeper zones.  Over the long term, 

Mr. Mah indicated it was likely that the property could be used for passive recreation, as 

long as the use is compatible with whatever remedy remains in place for protection of 

groundwater.  USEPA would need to review any plans for use, and the Town would 

need to work directly with the present property owner to discuss access, easements, or 

acquisitions. 

Institutional controls for offsite properties were also discussed during the interview with 

Ms. Thibault and Mr. Phillips. In September 2004, a property owner at the corner of 

Maple Street and School Street installed a potable drinking water well approximately 

200 feet northeast of recovery well B-3, which is used for controlling the offsite TCE 
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plume. A concerned neighbor contacted USEPA and RIDEM and the property owner 

was advised that operation of the well could interfere with remedial actions at the 

Stamina Mills Site and could draw TCE contamination onto his property.  The property 

owner indicated that he was installing the well due to a Town moratorium on 

connections to the water distribution system. 

Mr. Mah inquired whether the Town of North Smithfield has, or has plans to implement, 

an ordinance preventing the installation of private, potable wells adjacent to the 

Stamina Mills Site or other areas of known groundwater contamination.  Ms. Thibault 

and Mr. Phillips indicated that while no ordinance is currently in place, they are 

interested in passing such an ordinance.  The moratorium imposed on connections to 

the drinking water system was due to be lifted during the spring of 2005, once 

agreements with the Town of Woonsocket were completed regarding supplemental 

water supply. Ms. Thibault and Mr. Phillips believed that an ordinance could be passed, 

and will research ordinance language and the extent of restrictions required.   

Please note that USEPA has not been notified of any new ordinance as of the writing of 

this document. 

January 20, 2005: Neil Handler 

Mr. Neil Handler, the former USEPA remedial project manager (RPM) for the Site, was 

interviewed by telephone.  Mr. Handler provided a historical project perspective given 

his involvement with the Site from the early 1990s through 2003.  He noted that during 

this period all components of the ROD remedy were implemented, and that remedial 

actions were showing progress toward achieving ROD goals.  He noted that while there 

is some uncertainty over the ultimate achievement of remediation targets (e.g., when 

and if the soil and groundwater remediation systems will achieve them), the progress 

shown to date is positive. 
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He indicated that community issues at the Site had been more prevalent during the 

early stages of the project, during building demolition in the early 1990s, but that 

residents were generally glad to see the building ruins (and associated dangers to 

trespassers/kids) removed. Over the history of the project, there had been very little 

regarding day-to-day trespass and vandalism issues.  Occasionally residents have been 

known to fish on the property, as access is not completely blocked along the Branch 

River. 

Mr. Handler made the following recommendations regarding the five-year review: 

�	 The five-year review should promote increased communications with the Town of 

North Smithfield.  The basis for this recommendation is two-fold: 

▫	 Given the recent attempt by a property owner to install a residential 

well adjacent to the Site, Mr. Handler suggested that additional 

information needs to be provided to the town to ensure that town 

officials are aware of the TCE plume and the need to prevent any well 

installations that may interfere with remediation system operations. 

▫	 He also indicated that the Town and private entities had expressed 

interest in the former mill office building along School Street. Over the 

past several years discussions regarding demolition of the office 

building or its relocation/preservation as a historic building had 

occurred, but no action has been taken regarding its ultimate fate. 

Site managers should continue to be sensitive to the Town’s and the 

community’s concerns regarding the deteriorating office building. 

�	 The five-year review should include recommendations for institutional controls, 

given the recent private well installation attempt.  Mr. Handler indicated that the 
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ROD had envisioned assessment of remediation system performance prior to 

implementation of any institutional controls, but that in his opinion, this 

evaluation was necessary at this time. He anticipates difficulty in establishing 

the institutional control boundary, and suggested evaluating the data and 

available information regarding public water supply connections. 

�	 The five-year review should include some degree of community outreach.  While 

there has not been a high level of community interest since demolition activities 

in the early 1990s, an update would be appropriate.   

�	 He suggested that the five-year review consider vapor intrusion, to see if there is 

a concern regarding TCE vapor migration, and then document findings.   

�	 The five-year review should include additional sampling of private residential 

wells that are still active. During 1999, USEPA sampled several active residential 

wells in close proximity to the historic TCE plume.  The sampling event indicated 

no TCE migration into areas where private wells were still being used.  He 

believes that while the current Phase III groundwater monitoring is adequate to 

assess remediation system operations,  this supplemental active well sampling 

event would be necessary to confirm everyone’s understanding of Site conditions 

and to assure residents that the drinking water supply was safe.   

Regarding Site management activities, Mr. Handler recommended that remedial 

operations keep on with the current plan.  He believes that remedial activities are more 

challenging than anticipated in the RI/FS and ROD due to the mass of TCE suspected to 

be present in recalcitrant saprolite zones.  However, he is not sure that other  

technologies will be more effective than the ROD-selected remedy, as they will be 

hampered by the saprolite’s low permeability.  He expects that Site-specific limitations 

in addressing the recalcitrant zone can be assessed during the next five-year review. 
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The review should include evaluation of other technologies versus the technical 

impracticability of remediation in saprolite and fractured bedrock. 

He is aware of the Town’s interest in the property for recreational use.  Currently, the 

presence of active remediation components above ground limits options.  Over the long 

term, he expects that Site can be re-used once SVE/MPE piping can be removed, and 

that the only limitations on re-use will be related to ongoing groundwater treatment and 

the presence of the floodplain in the southeast portion of the Site. 

January 20, 2005: Louis Maccarone 

Mr. Louis Maccarone, the current RIDEM project manager for the Site, was interviewed 

by telephone.  He indicated that his overall impressions of the Site were: 

�	 The remedy, as implemented, was effective and was achieving mass removal.   

�	 Recent optimization of the MPE system was good, given that there is always 

room for remediation system improvements. 

�	 Communication between the project team is good. 

�	 Recent revision of monthly progress reports to be more concise, with subsequent 

submittal of data and backup on a quarterly basis, was appreciated. 

�	 The current Phase III groundwater monitoring strategy is sufficient to gauge 

plume status with respect to system operations. 

�	 He noted that there were no known community impacts or trespass/security 

issues at the Site. 

�	 He concurs with current Site management efforts. 

Mr. Maccarone expects to see the Site operate for another five years before 

effectiveness is evaluated, particularly with respect to whether remediation in fractured 

bedrock is technically impracticable.  He indicated that he would expect a rebound 

study to be included in the data analysis/decision process. 
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Mr. Maccarone was directly involved in the recent attempt by a property owner located 

at the northeast corner of School Street and Maple Street (Plat No. 005-130) to install a 

potable residential well.  He indicated that his investigation into the matter suggested 

that communications between the resident and the Town, while following required 

building permit provisions, had failed to prevent the aborted well installation.a 

Mr. Maccarone recommended that some degree of community outreach should be 

maintained, despite the Site’s steady progress in the operations phase. 

February 17, 2005: Robert Lowe, Philip Kacorowski, Michael Philips, Manuel 

Alvarez 

Mr. Mah and Ms. White interviewed Robert Lowe, Philip Kacorowski, Michael Philips, and 

Manuel Alvarez at North Smithfield Town Hall on February 17, 2005. The town 

representatives did not identify any community concerns regarding the Stamina Mills 

Site except the following: 

� Residential well installation issue 

The Town currently has a moratorium on water hookups to the potable supply 

system; however, residents can obtain water if there is a hardship.  The town 

representatives discussed the possibility of an institutional control like an 

ordinance preventing drilling.  They did not know whether an ordinance would be 

an effective prohibition on well installation.  Requiring property owners to obtain 

a well installation permit, regardless of their location in town, was also discussed. 

The Town does not know if residents formerly connected to the potable supply 

system have remained connected or if they had elected to return to private well 

use. 

a The building permits and/or inquiries were apparently coordinated between the property owner and the inspection 

division, which was not familiar with the TCE plume problem and/or did not recognize that the planned residence did not tap the 

public water supply. 
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�	 Future reuse of the Site 

Mr. Lowe inquired when USEPA actions would be completed, and whether the 

Site could be reused either for business or recreational use. Specifically, the 

Town inquired about the following reuse options: 

▫	 Construction of buildings on the property. 

o	 Completion of a bike path along the property by the Branch River National 

Heritage Corridor Commission. 

�	  Contamination 

The Town asked for a quantification of progress in terms of how much 

contamination is left as opposed to 10 years ago.  Mr. Mah and Ms. White 

explained the inherent variability in sampling fractured bedrock wells in addition 

to the complexity of gauging mass removal at a Site.  The Town requested a 

comparison of contaminant levels be evaluated during the five-year review 

process. Town representatives also inquired about potential health effects due 

to TCE in water, as well as air quality.  Mr. Mah and Ms. White assured the Town 

that air quality was not an issue at the Site. 

�	 Former mill office building 

Town representatives are concerned about liabilities associated with the former 

mill office building. They indicated that the Town has placed tax liens on the 

property to address this issue. 

The Town indicated frustration with the length of time required to remediate the Site, 

particularly given the restrictions on current and future use.   
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The Town complained about the condition of the fence paralleling School Street, calling 

it an “eyesore” and indicated that there is a washout area that needs to be repaired.   

Mr. Mah met with Mr. Lowe and determined that an asphalt  berm/curbing would be 

necessary and that this responsibility should fall with the Town / State Highway Dept.   

The Town requested additional community outreach activities, such as publication of a 

fact sheet, communication through Town water bills, public service announcements on 

television, etc. 

February 17, 2005: Michael Connolly, Reney Ann Mondoux 

Mr. Mah and Ms. White interviewed Michael Connolly and Reney Ann Mondoux at the 

City of Woonsocket’s Waste Water/Pre-Treatment facility on February 17, 2005.   

Mr. Connolly indicated that the City of Woonsocket had no issues or complaints with 

respect to the Site’s treatment system, indicating that: 

� They are very satisfied with operations, which they describe as “first rate.” 

� Reporting is being performed. 

� The system is well designed. 

� Communication is adequate and the City feels well informed. 

� Subcontractors are responsive. 

The City has never had any problems or concerns regarding Site inspections, which are 

performed semi-annually.  The effluent is treated prior to discharge, and all results are 

reported to Woonsocket. Their inspections have found that the Site is secure and there 

are no vandalism or trespassing issues. 

Mr. Connolly and Ms. Mondoux noted that the Town of North Smithfield is currently 

negotiating with the City of Woonsocket to be included in the water district.  To their 

knowledge, many North Smithfield residences use private wells. 
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VII. Technical Assessment 

A comprehensive technical assessment of the Site’s remedy was performed as part of 

the 2005 five-year review. To evaluate the remedy, three questions were assessed: 

�	 Question A: Is the remedy functioning as intended by the decision documents? 

�	 Question B: Are the exposure assumptions, toxicity data, cleanup levels, and 

RAOs used at the time of remedy selection still valid? 

�	 Question C: Has any other information come to light that could call into question 

the protectiveness of the remedy? 

QUESTION A  

Question A: Is the remedy functioning as intended by the decision documents? 

Performance of the Site remedy was assessed according to the criteria outlined in the USEPA’s 

Comprehensive Five-Year Review Guidance.  Findings are summarized in Table 7-1, and 

discussed in more detail in subsequent sections. 

Table 7-1 
Summary of Findings: Question A 

Remedial Action Performance 
Site remedy Remedial actions associated with building demolition, raceway closure, septic tank closure, and site 

restoration are complete and are functioning as designed.  The landfill removal, as described by the 
ESD, removed all landfill wastes from the site. 

SVE The MPE and VTS are operating; MPE modifications completed in 2003 were successful in improving 
overall operations and reducing system shut downs.  Operation of the SVE system has been 
suspended during concentrated efforts on the MPE. 

GW The GWE and GWTS are operating as designed. Offsite groundwater concentrations continue to 
decrease. Containment at the site has been effective.  The plume area is contracting southward 
toward the site. Sampling performed in May 2005 does not indicate the presence of TCE in wells 
beyond the former plume boundary. 

Long-Term 
Monitoring 

Long-term monitoring is being implemented in accordance with the Phase III Groundwater 
Monitoring Work Plan (Revision 1). 

Institutional 
Controls 

Site institutional controls were never implemented by the former property owner (Hydro-
Manufacturing).  Recent attempts by adjacent property owners to install private wells have revealed 
a need to implement offsite institutional controls which prevent (a) potable consumption of 
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Table 7-1 
Summary of Findings: Question A 

groundwater, and (b) offsite pumping near the Stamina Mills site or the TCE plume.  
System Operations/O&M 
Operations Operations at the Site have been established to maintain system effectiveness.  Performance data 

are provided to USEPA and RIDEM monthly; system progress and analytical data are documented 
quarterly. 

Cost 
Variances 

Causes of cost variances noted since system startup have been identified and corrective measures 
implemented, resulting in overall improvement in system uptime and reduction in operating costs. 

Opportunities for Optimization 
Opportunities Significant review of operations occurred in 2003, and no further opportunities for improvement 

have been noted at this time.  Operations will be reviewed periodically to determine if further  
changes to the system or operations can improve performance or mitigate costs. 

Early Indicators of Potential Issues 
Equipment 
Breakdowns 

No equipment problems or other operations issues have been identified which may present a 
potential remedy with system operations. The majority of GWTS and GWE shutdowns are 
associated with natural flow variations in bedrock environments. 

Protectiveness No operational issues have been identified that could place remedy effectiveness at risk. 
Implementation of Institutional Controls and Other Measures 
Access 
controls 

Fencing is in place along the northern perimeter of the site. 

Institutional 
Controls 

An attempt by an adjacent property owner to install a private potable well at the corner of Maple 
Street and School Street has revealed a need to prohibit or prevent well installations near the Site or 
adjacent to the plume.  Offsite institutional controls will need to prevent (a) potable consumption of 
groundwater, and (b) offsite pumping near the Stamina Mills site or the TCE plume. 

Other Actions No other actions (e.g., removal actions) are deemed necessary, as no immediate threats have been 
identified at the Site. 

Remedial Action Performance 

Remedial actions at the Site can be divided into two categories, as shown in Table 7-2. 

Table 7-2 
Remedial Actions and Components 

Remedial Action Type Remedy Component 
Remedy components that have been completed and 
do not require O&M. 

Building demolition 
Raceway closure 
Septic tank closure 
Landfill removal 
Site restoration 

Remedy components that are ongoing and require 
O&M. 

SVE/MPE and VTS Systems 
GWE and GWTS Systems 
Long-term monitoring 
Institutional controls 

Completed Elements of the Remedy 

Many aspects of the Site remedy that addressed immediate hazards to human health and the 

environment have been completed, including removal of physical hazards such as building ruins 

and raceways, removal of the landfill, and Site restoration.  Landfill removal actions were more 
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comprehensive and eliminated risk more thoroughly than the original remedy contemplated by 

the ROD (capping and leachate collection).  These elements met the intent of the ROD and 

achieved RAOs.  No further actions regarding these elements are anticipated. 

Ongoing Groundwater Remedy Components 

Groundwater extraction and treatment are ongoing.  The intent of the GWE and GWTS, as 

described in the design documents, is to reduce contaminant concentrations within the plume 

area to below MCLs, thus restoring the aquifer to beneficial reuse. 

The ROD initially contemplated that groundwater extraction and treatment would require 10 to 

15 years. The GWE/GWTS has been operational for five years, and significant decreases in 

contaminant concentrations offsite have been quantified; continued operation is anticipated for 

the next five-year review period.  Containment of contamination to within the Site’s boundary 

(the “waste management area,” defined by the ROD as the area within the Site boundary where 

wastes may be left in place), appears to be occurring based on decreasing contaminant 

concentrations in offsite wells I-12, I-37, and MW-17. 

USEPA performed groundwater sampling in offsite residential wells being used for residential, 

potable use in 1999; wells sampled during the 1999 event are shown in Table 7-3; well 

locations are shown on the RI’s Site Plan No. 4, included in Appendix B.  A subset of these wells 

was sampled again during 2005 to verify the absence of VOCs.   

Table 7-3 
Sampling of Active Residential Wells 

Address Well ID 
Wells Sampled 

July 1999 
Wells Sampled 

May 2005 
School Street A-167 X X 
School Street A-168 X 
School Street A-173 X X 
Maple Avenue A-107 X 
Kirby Lane A-76 X 
Kirby Lane A-78 X 
Kirby Lane A-77 X X 
Litzen Road A-89 X 
Litzen Road A-86 X 
Lorraine Avenue A-96 X 
Lorraine Avenue A-91 X 
Lorraine Avenue Not numbered X 
Wildwood Road A-205 X 
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Table 7-3 
Sampling of Active Residential Wells 

Address Well ID 
Wells Sampled 

July 1999 
Wells Sampled 

May 2005 
Wildwood Road A-200 X X 
Wildwood Road A-203 X X 
Wildwood Road A-208 X 
Roselawn Avenue A-146 X 
Roselawn Avenue A-139 X 
Roselawn Avenue A-142 X X 
Roselawn Avenue A-143 X X 

VOCs (including TCE) were not quantified in any of these wells during either sampling event, 

demonstrating that the TCE plume has not migrated past the original plume boundaries.  The 

May 2005 results are included in Appendix K.   

It should be noted that the analyses performed during May 2005 inadvertently did not use the 

same analytical method as the July 1999 event and as a result the quantitation limit for VOCs 

was higher during the 2005 event (5 µg/L versus 1 µg/L).  Despite this difference, the sampling 

performed in May 2005 is adequate for determining the extent of TCE contamination beyond 

the plume boundaries: the MCL for TCE is 5 µg/L, therefore the method was capable of 

detecting contamination at or above the MCL.  In addition, the instrument used for analysis of 

the 2005 data typically had a method detection limit (MDL) less than 1 µg/L for VOCs, and the 

laboratory was asked to report any detections between the MDL and the reporting limit; no 

detections of TCE or daughter products were reported.  A data validation memorandum for the 

May 2005 event is also presented in Appendix K. 

As noted during community interviews, the only concern about the groundwater remedy is the 

apparent ability for an offsite property owner to compromise the containment system through 

installation of a private well near the plume area.  Offsite issues will be discussed in more detail 

with respect to Institutional Controls.  Given contaminant concentration decreases, and the 

continued effectiveness of the GWE system in removing contaminant mass (over 100 lbs/year), 

this five-year review concludes that the containment and groundwater treatment portions of the 

remedy (the extraction wells and the GWTS) are effective. 
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Ongoing Soil Remedy Components 

The vapor extraction and treatment portion of the Site remedy is ongoing.  The intent of this 

portion of the remedy, as described in the design documents, is to reduce contaminant 

concentrations within onsite soil to minimize leaching to groundwater. 

The vapor extraction component of the remedy includes both SVE and MPE systems.  As 

discussed previously, remedial design activities identified significantly more contamination in 

low-permeability saprolite zones than had originally been contemplated in the ROD.  The 

remedial design, therefore, included both an overburden/vadose zone component (SVE) and a 

seasonally saturated zone/low-permeability component (MPE).  The system operated for several 

years with both the SVE and MPE systems following a typical decrease in vapor concentrations. 

Review of operations data and current guidance regarding vapor-phase remedies in 2003 

resulted in suspension of SVE operations and enhancement of the MPE system to better target 

residual mass in the saprolite, considered to be the primary source of groundwater 

contamination. The modified MPE system is performing as expected, and has resulted in 

increased water and vapor removal from the saprolite zone. 

The ROD originally contemplated a one-year operation for vapor extraction operations.  Due to 

freeze conditions onsite, the systems are only operated seasonally.  Prior to suspension of 

operations, the SVE system had operated 634 days over four seasons, or approximately 1.7 

years. This is reasonable for an SVE system, particularly given the operational limitations (wet 

soil) encountered during the early portion of the operating season.  The MPE system, through 

the end of 2004, had operated 573 days over a total of six seasons, or approximately 1.6 years. 

Operational improvements implemented in 2003 and sustained through 2004 resulted in 

significant increases in uptime.  The ROD did not anticipate vapor extraction from low 

permeability zones, and therefore the one-year estimate is not applicable to MPE operations. 

Vapor extraction in saturated, low permeability zones can continue for extended periods (five to 

10 years). 

While the original design has been altered with the MPE system modifications, the remedy’s 

intent of protection of groundwater is still being met.  The ROD requires that soil above the 

water table comply with the ROD goal of 195 µg/kg TCE; however, current operations target 
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saprolite zones beneath the water table that are not included in the ROD goal.  Current 

operations are focused on mass removal and minimizing diffusion of contaminants into 

overburden soil, with the intention of long-term vadose zone compliance with ROD goals.  With 

this modification in mind, this five-year review concludes that the soil portion of the remedy is 

effective. 

Long-Term Monitoring 

Long-term monitoring, as described in the Phase III Groundwater Monitoring Work Plan 

(Revision 1), is ongoing.  The protocol devised and implemented in this work plan provides for 

various stages of groundwater monitoring so that additional wells can be integrated into the 

program as plume conditions improve.  This monitoring program clearly identifies its objectives 

as: 

�	 Monitoring the progress toward achieving groundwater cleanup standards as 

established in the ROD. 

�	 Determining when to initiate Phase II groundwater extraction activities (e.g., deep zone 

pumping in MW-10) onsite. 

The monitoring wells selected for Stage 1 monitoring offsite (A-175, I-12, I-37, and MW-17) 

were selected to monitor conditions along the north and west edges of the contaminant plume. 

Monitoring wells selected for Stage 2 monitoring offsite (the wells noted above in addition to I

7, I-20, I-24, and I-31) incorporate those residential wells closer to the historic source area 

(MW-10/SMW).  The protocol requires that Stage 2 wells be added to the program once 

cleanup standards are achieved at Stage 1 offsite wells. 

Conditions onsite are monitored in MW-10, SMW, B-3, and MW-2.  Groundwater concentrations 

in these wells fluctuate approximately an order of magnitude periodically, and have not declined 

over time, indicating that residual source material is still present within the shallow bedrock 

aquifer. Once sustained decreases in these zones are observed, initiation of Phase II 

groundwater extraction activities will be evaluated. 
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The long-term monitoring program has been effective in tracking groundwater concentrations. 

However, purge water management issues have forced reevaluation of the sampling technique. 

Currently, USEPA and RIDEM are evaluating the use of an interval-specific sampling approach 

(such as passive diffusion bag samplers) to monitor aqueous concentrations. Phase III 

groundwater monitoring program changes will be formally modified in an addendum to the 

Phase III Groundwater Monitoring Work Plan (Revision 1) once an approach has been 

determined. USEPA has also noted that the quality assurance procedures outlined in this 

document should be reviewed for completeness and compliance with current guidance no later 

than 2006. 

Program changes are not expected to alter the Phase III groundwater monitoring program’s 

ability to meet stated objectives. 

Institutional Controls 

The ROD initially contemplated institutional controls only to prevent disturbance of the physical 

integrity of the remedy’s components (i.e., controls prohibiting disturbance of the landfill cap). 

All institutional controls must be coordinated with the property’s current owner. 

Initial remedial actions performed in the 1980s focused on providing potable water to residents 

north of the Site who had been adversely impacted by the TCE plume. Since that time, no 

database describing water usage north of the Site has been maintained. As noted in previous 

sections of this five-year review, the potential for offsite property owners to disturb the 

groundwater containment remedy through installation and operation of private offsite wells has 

been identified as a critical issue in long-term remedy effectiveness. 

USEPA, RIDEM, and the Town of North Smithfield are currently evaluating options for offsite 

institutional controls to ensure that current and future property owners (a) do not return to 

private well use in the vicinity of the TCE plume, and (b) do not install new wells for private use 

in or near the TCE plume area. 

System O p erations/O&M 

Operating procedures include the following elements: 
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� Routine system checks/inspections once every two weeks. 

� Alarm response checks. 

� GWTS effluent sampling in accordance with the sewer discharge permit monthly. 

� GWE influent sampling quarterly. 

� VTS influent and effluent sampling semi-annually. 

� Phase III groundwater monitoring every 9 months. 

� MPE groundwater sample collection annually (in April prior to MPE startup) 

� MPE vapor sample collection in April and October. 

� SVE vapor sample collection in April, June, August, and October. 

System procedures require the O&M subcontractor to conduct routine Site visits (to be 

documented on appropriate Site forms), which are submitted to the Performing Party’s 

supervising contractor, EnSafe.  Site operations are reviewed by Resource Controls 

Associates and EnSafe personnel at least monthly, and operational data are submitted 

to USEPA and RIDEM monthly to document alarm conditions and hours of operation. 

The review and reporting cycle requires frequent review of system operations, and 

allows Resource Controls Associates and EnSafe to anticipate and schedule 

maintenance activities appropriately to minimize system downtime. 

Recent operational modifications, O&M subcontractor changes (from Shaw Environment 

& Infrastructure to Resource Control Associates), and other internal changes have 

reduced The Performing Party’s annual operating costs approximately 50%.  These 

savings do not translate into quality reduction; in fact, remediation effectiveness has 

been improved, as evidenced by the increase in operational uptime. 

Opportunities for Optimization 

Extensive optimization of the vapor treatment system occurred in 2003, and annual 

review of MPE data is required prior to selecting which MPE wells will be operated each 

season. The annual April/May review process, with subsequent vapor analysis from 
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SVE wells in June and August, and then from both SVE and MPE wells in October, 

provides ample opportunity to evaluate vapor treatment system operations.  A protocol 

was developed in 2003 for re-start of the SVE system mid-season if threshold vapor 

concentrations became too high. No further opportunities for MPE optimization have 

been noted at this time, but operations will be reviewed periodically to determine if 

further changes to the system can be made to improve performance. 

Operation of the GWE and GWTS has not been modified since startup, as the 

containment system is integral to the Site remedy.  Optimization has been applied to 

monitoring and reporting procedures, minimizing sampling where possible and 

consolidating reporting of GWE system data quarterly instead of monthly.  The 2004 

Annual Summary Report proposed review of the SMW extraction well to determine 

whether operations in this well can be suspended, or whether its operation is critical to 

mass removal activities in the saprolite/shallow bedrock zone.  Concentration data 

suggest mass removal effectiveness from this well is decreasing, but its benefits with 

respect to hydraulic control may be significant.  Review of system operations will 

continue. 

No opportunities for optimization are apparent with respect to long-term groundwater 

monitoring procedures, other than the elimination of purge water issues described 

earlier. Transition to a discrete interval sampling device (such as passive diffusion bag 

samplers) is expected to reduce both field time and equipment costs for each sampling 

event. 

Early Indicators of Potential Issues 

Review of Site data occurs frequently during normal operations.  Data do not suggest 

potential issues with respect to remedy effectiveness.  
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Implementation of Institutional Controls and Other Measures 

Access to the Stamina Mills Site is restricted by a 6-foot chain-link fence around the majority of 

the property perimeter; the Site’s status as a hazardous waste Site is indicated on a sign on the 

front gate.  The Town of North Smithfield noted its concern with the condition of the fence 

during interviews on February 17, 2005.  The property is accessible along the Branch River both 

along Forestdale Pond and downstream near the U.S. Geological Survey gauging station and 

there is anecdotal evidence of fishing along the waterbody.  Access is not anticipated to be a 

concern, as there is no surface expression of contaminants; aboveground components of the 

treatment system have not been tampered with. 

No institutional controls have been implemented for the Site, despite a USEPA consent 

decree in federal court against the former property owner (Hydro Manufacturing).  The 

property was purchased at auction in August 2005, and USEPA is in the process of 

contacting the new property owner regarding institutional controls. 

As documented during five-year review interviews, in September 2004 a property owner 

at the corner of Maple Street and School Street installed a potable drinking water well 

approximately 200 feet northeast of recovery well B-3, which is used for controlling the 

offsite TCE plume.  USEPA and RIDEM were contacted and the property owner was 

advised that operation of the well could interfere with remedial actions at the Stamina 

Mills Site. The property owner indicated that he was installing the well due to a Town 

moratorium on connections to the water distribution system, but abandoned the well as 

suggested by USEPA and RIDEM. 

USEPA has discussed the potential for institutional controls, possibly including a Town 

of North Smithfield ordinance preventing the installation of private, potable wells 

adjacent to the Stamina Mills Site or other areas of known groundwater contamination. 

During five-year review interviews, the Town committed to researching ordinance 

language and the extent of restrictions required.  This five-year review will recommend 

pursuing institutional controls (1) to prevent any offsite well from impacting the Site 
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remedy, and (2) to ensure that residents in and adjacent to impacted areas have access 

to the North Smithfield public water system. 

Question B 

Question B: Are the exposure assumptions, toxicity data, cleanup levels, and RAOs used 

at the time of remedy selection still valid? 

This section reevaluates the risk-based assumptions developed for the Stamina Mills Site in 

accordance with the USEPA’s Comprehensive Five-Year Review Guidance. Findings are 

summarized in Table 7-4, and discussed in more detail in subsequent sections. 

Table 7-4 
Summary of Findings: Question B 

Changes in Standards and To Be Considered (TBC) Criteria 
Revisions to 
Standards 

Cleanup standards are based on MCLs.  No revisions to primary contaminants (TCE and its 
degradation products) have occurred. Revisions have occurred for chromium and dieldrin since ROD 
issuance, but monitoring has been discontinued for both compounds because concentrations had 
decreased significantly. 

Newly 
Promulgated 
Standards 

No new standards have been promulgated. 

Changes in 
TBCs 

No changes in TBCs have impacted site RGs. 

Changes in Exposure Pathways 
Land-Use No land-use changes have occurred; the site is adjacent to residential and light commercial 

properties. 
New 
Exposure 
Pathways 

In 2002, USEPA issued guidance regarding migration of volatile organics such as TCE in the vapor 
phase. The original ROD did not contemplate vapor migration as an exposure pathway. 

New 
Contaminants 

No new or additional sources of VOC contamination have been identified. 

Unanticipated 
Toxic 
Byproducts 

No unanticipated toxic byproducts have been identified at the site. 

Changes at 
the Site 

No changes have occurred at the site that could alter the protectiveness of the site remedy. 

Changes in Toxicity and Other Contaminant Characteristics 
Toxicity 
Factors 

TCE toxicity data are currently being evaluated by USEPA and various state agencies.  Revisions to 
TCE’s toxicological profile will not be complete until 2006. However, the TCE MCL remains the same; 
the Site remedy is based on MCL compliance. 

Contaminant 
Characteristic 
Changes 

USEPA guidance now assesses whether vapor migration either from a vapor plume, vapor eminating 
from a source area, or vapor rising from a contaminated groundwater plume poses a threat to indoor 
air quality. Vapor intrusion evaluations will be required at the Stamina Mills Site to further assess 
this pathway. 

Changes in Risk Assessment Methods 
Methodology 
Changes 

No changes in risk assessment methods, aside from consideration of vapor intrusion, have occurred 
since ROD issuance. 
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Table 7-4 
Summary of Findings: Question B 

Expected Progress Toward Meeting RAOs 
Groundwater 
Restoration 

Groundwater containment activities have resulted in contraction of the TCE plume toward the Site’s 
Compliance Boundary.  The shrinking plume will be monitored as outlined in the Phase III 
Groundwater Monitoring Work Plan (Revision 1). 

Direct 
Contact 

The remedy has eliminated potential for the public to come into direct contact with contaminated soil 
and sediment.  Solid wastes have been removed from the site. 

Contaminant 
Migration 

The soil remedy and cleanup goals were reviewed in 2002 and 2003, and have been modified to 
maximize source removal and minimize contaminant migration into groundwater. 

Migration to 
Surface 
Water 

Source area wastes contaminating surface water were removed in conjunction with landfill removal 
actions. 

Physical 
Hazards 

Physical hazards were removed from the site during the early 1990s. 

Evaluation of Standards and To Be Considered Criteria 

Cleanup criteria for the Site, and the basis for these criteria, are shown in Table 7-5. 

Table 7-5 
Cleanup Levels – Stamina Mills Site 

Matrix Contaminant 1990 Goal 1990 Basis 2005 Goals 2005 Basis 
Groundwater TCE 5 µg/L MCL 5 µg/L MCL 

PCE 5 µg/L MCL* 5 µg/L MCL 
1,1-DCE 7 µg/L MCL 7 µg/L MCL 
Vinyl Chloride 2 µg/L MCL 2 µg/L MCL 
1,2-DCE 70 µg/L MCL* 70 µg/L MCL 
Dieldrin 2 µg/L Health Advisory Variable 
Chromium 50 µg/L National Interim 100 µg/L MCL 

Primary Drinking 
Water Regulation 

Soil TCE 195 µg/kg Summers Model – 
based on MCL 

No change based on MCL 

PCE 66 µg/kg Summers Model – 
based on MCL* 

No change based on MCL 

1,1-DCE 17 µg/kg Summers Model – 
based on MCL 

No change based on MCL 

1,2-DCE 151 µg/kg Summers Model – 
based on MCL* 

No change based on MCL 

Notes: 
Taken from Superfund Record of Decision, Stamina Mills, RI, First Remedial Action – Final, (USEPA, 1990) 
MCL Maximum contaminant level 
µg/L micrograms per liter 
µg/kg micrograms per kilogram 
* At the time of listing, this MCL was proposed, not final. 
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Groundwater Standards 

The groundwater remedy at the Site focuses on VOCs by implementing extraction and 

treatment ( i.e., air stripping/aeration) system to remove volatiles from groundwater. 

The groundwater cleanup goals for this remedy are the MCL for each specific VOC. 

VOC goals established in 1990 are still consistent with promulgated MCLs in 2005. 

Chromium and dieldrin were also listed in the cleanup goals for groundwater, as they 

were detected onsite, however, they were not considered primary COCs.   

�	 Chromium’s final MCL was established as 100 µg/L, following the issuance of the 

1990 ROD. As discussed in the Phase III Groundwater Monitoring Work Plan 

(Revision 1), chromium concentrations in all wells monitored for chromium 

during Phase I and Phase II had decreased to less than 50 µg/L by 2001, and 

monitoring for chromium was discontinued due to compliance with ROD goals.   

�	 Dieldrin’s health advisories were withdrawn by USEPA in 1997, and current 

cleanup goals for dieldrin vary from state to state, ranging from 0.002 to 2 µg/L. 

As discussed in the Phase III Groundwater Monitoring Work Plan (Revision 1), 

onsite monitoring for dieldrin was discontinued in the Phase III monitoring 

program because groundwater concentrations had ranged from below detection 

levels to a maximum of 0.34 µg/L since 1999, thus demonstrating compliance 

with the ROD goal. 

Modifications to the drinking water standards for dieldrin are not expected to have any 

impact on the Stamina Mills Site’s remedy, but will be reviewed further in subsequent 

five-year reviews, if necessary. 
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Soil Standards 

Migration from soil to groundwater was modeled to calculate the 1990 soil cleanup goal 

that would be protective of groundwater based on the MCLs for various VOCs.  The soil 

cleanup goals have been met and therefore soil does not pose risk to groundwater from 

leaching. 

In addition to the ROD goals, USEPA defined a soil standard of 200 :g/kg for dieldrin 

during landfill removal activities.  Residual soil at the base of the landfill was required to 

exhibit concentrations less than 200 :g/kg, or it was excavated to the top of bedrock. 

USEPA’s current Region 9 industrial Preliminary Remediation Goal (PRG) for dieldrin is 

110 :g/kg, representing a 1E-06 risk threshold.  Use of the 200 :g/kg criterion during 

the landfill removal action is still considered protective of human health and the 

environment given the following: 

�	 Assuming exposure assumptions used to calculate industrial PRGs are 

comparable to the Site’s exposure scenario, even residual soil contamination at 

200 :g/kg would only slightly exceed USEPA’s baseline risk threshold of 1E-06 

(1.8E-06). 

�	 Soil within the landfill excavation area was excavated to bedrock, leaving no 

residual that exceeded the 200 :g/kg criterion. 

�	 Likely exposure scenarios in the future are recreational, without prolonged 

exposures to contaminated soil characteristic of an industrial exposure (e.g., 

daily for 250 days/year, for 25 years), particularly given the limited areal extent 

of potential dieldrin exposures (e.g., less than half the property). 
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�	 Regrading may be required in the former landfill area to allow constructive reuse 

(e.g., fill to construct a level ballfield).  Any residual dieldrin between the 110 

:g/kg and 200 :g/kg thresholds is likely to be covered by fill material. 

As a result, changes in toxicological calculations for dieldrin are not considered 

significant enough to make a difference in the overall protectiveness of the landfill 

removal remedy. 

Progress Toward Meeting RAOs 

The following RAOs are inherent to the Stamina Mills Site ROD: 

�	 Restore the groundwater to federal and state drinking water standards (or 

criteria when drinking water standards are not available) as quickly as possible 

because the aquifer is a drinking water source. 

�	 Prevent the public from direct contact with contaminated soils, sediments, and 

solid wastes, which may present health risks. 

�	 Eliminate or minimize the migration of contaminants from the soil into the 

groundwater. 

�	 Prevent the offsite migration of contaminants to the surface water above levels 

protective of public health and the environment. 

�	 Reduce risks to human health associated with the physical hazards while 

implementing remedial actions at the Site. 
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Compliance with Groundwater Restoration RAO 

As described in the ROD, groundwater cleanup levels must be met at the completion of 

the remedial action through an area extending from the compliance boundary (the 

northern perimeter of the Site along School Street) north through the former TCE plume 

area. 

The ROD notes that groundwater within the waste management area (defined as those 

areas of the Site where wastes will be contained in place, including former raceways, 

debris piles, and building structures) will not necessarily meet ROD groundwater 

cleanup goals. Therefore, onsite wells (MW-10, SMW, MW-2) are evaluated only to 

gauge effectiveness of the overall remedy in reducing contaminant mass and 

minimizing impacts to the aquifer. 

The Phase III Groundwater Monitoring Work Plan (Revision 1) established a staged 

protocol for monitoring on- and offsite wells, as outlined below: 

�	 Stage 1 – Offsite wells I-12, I-37, A-175, and MW-17 

�	 Stage 2 – All Stage 1 wells and offsite wells I-7, I-20, I-24, I-28, and I-31 

�	 Waste Management Area Wells – MW-10, SMW, B-3, and MW-2 

Contaminant trends in Stage 1 wells are to be monitored until concentrations are less 

than the ROD cleanup standards. Once goals are achieved in these wells, monitoring 

will be initiated in Stage 2 wells, which are closer to the compliance boundary. 

Stage 1 monitoring has been ongoing since 2001.  Contaminant concentration trends in 

these wells (including historical data) were shown in Section VI.  Concentrations in 

these wells have decreased significantly since initiation of remedial actions: 

�	 In I-12, decreasing from a maximum of 170 µg/L in 1994 to concentrations 

ranging from 2 to 10 µg/L from 2002 through 2004.   
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�	 In I-37, decreasing from a maximum of 190 µg/L in 1993 to concentrations 

ranging from 5 to 28 µg/L from 2002 through 2004. 

�	 In MW-17, decreasing from a maximum of 44 µg/L in 1993 to a maximum of 

0.98 µg/L in 2003. Concentrations in this well have typically been below 

detection levels since 1994. 

TCE concentrations in Stage 1 well A-175 have been below detection levels since 1993. 

Figure 7-1, included in Appendix A, shows a comparison of the TCE concentrations in 

1993 and 2004, showing a clear retraction of the plume toward the compliance 

boundary.  A RI figure showing 1979 TCE concentrations in offsite wells can be found in 

Appendix B.  Continued monitoring of Stage 1 wells is likely to indicate stabilization at 

or near ROD clean-up goals, triggering sampling of Stage 2 wells.   

Overall, the remedy, as implemented, has been successful in working toward the 

groundwater restoration RAO. 

Compliance with Elimination of Direct Contact RAO 

The remedy implemented at the Site has eliminated potential for the public to come 

into direct contact with contaminated soil and sediment and has removed solid wastes 

from the Site. 

Building demolition and subsequent restoration activities removed physical hazards 

associated with deteriorating mill ruins and raceways, as well as the former septic 

system used onsite. Removal of the landfill in 1998 and 1999 eliminated the potential 

for contact with solid wastes and any contaminants present in landfill materials and 

sediments at the toe of the landfill.  Other than these physical and landfill-related 

Five-year Review Report - 94 



hazards, surface soil was not determined to be a risk to human health and the 

environment during the RI. 

Compliance with Minimizing Contaminant Migration RAO 

Soil treatment goals were developed to minimize the migration of contaminants from 

the soil into groundwater. As discussed in the ROD, these goals must be met 

throughout the contaminated soil in the TCE spill area located above the bedrock 

aquifer. 

As discussed previously, during remedial design the extent of the TCE spill area was 

found to be larger than expected, and supplemental investigations indicated that the 

majority of TCE mass was present at the bedrock-overburden interface.  Therefore, 

both high (MPE) and low (SVE) vacuum elements were included in the design.  As 

discussed in the 2002 Annual Report, vapor concentrations extracted by the SVE system 

decreased rapidly, and mass removal rates decreased from 275 lbs/year in 1998 to 

between 40 and 50 lbs/year in 2001 and 2002.  Vapor concentrations from the MPE 

system, however, remained elevated. As noted in previous sections, MPE operations 

had been significantly hampered by siltation and dewatering problems, resulting in 

system modifications implemented in 2003. 

The 2002 Annual Report discussed Site operations in terms of USEPA’s guidance 

document Development of Recommendations and Methods to Support Assessment of 

Soil Venting Performance and Closure (EPA/600/R-01/070), noting that SVE closure 

assesses soil in three distinct zones: 

�	 Zone 1 – consistently unsaturated media.  At the Site, this zone is typically 0 to 

15 feet bgs (i.e., between ground surface and an elevation of 195 feet above 

mean sea level [amsl]), and is addressed by the SVE system. 
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�	 Zone 2 – periodically unsaturated or saturated media associated with water table 

fluctuations.  At the Site, this zone is 10 to 16 feet bgs (i.e., between an 

elevation of 190 and 195 feet amsl), and is addressed by both SVE and MPE 

wells. 

�	 Zone 3 – saturated media. At the Site, this zone includes saprolite typically 

deeper than 16 to 18 feet bgs (190 to 191 feet amsl). 

The closure guidance indicates that high contaminant concentrations in Zone 3 could 

re-contaminate Zone 2 through seasonal water table fluctuations and Zone 1 through 

vapor diffusion. Where this occurs, the guidance document indicates that less 

aggressive venting is appropriate, as re-contamination could be seasonal.  Rather, the 

closure guidance suggested consideration of aqueous phase contamination and water 

table control, so that SVE systems are not operated to achieve excessively low cleanup 

criteria in the presence of a long-term Zone 3 source.  Under this scenario, Zone 1 soil 

is determined to be “in compliance” when mass flux is primarily from groundwater 

upward to the vadose zone. 

This approach, which supplants the concept of achieving a cleanup goal in the vadose 

zone as originally contemplated by the ROD, is directly applicable to the Site.  As a 

result of recommendations made in the 2002 Annual Report, system operations were 

reconfigured to concentrate mass removal on Zone 2 and Zone 3 soil: 

�	 Operations in Zone 1 soil (e.g., the SVE system) were suspended. 

�	 The MPE drop tube system was employed to improve dewatering but still allow 

vapor extraction during low water table conditions. 
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�	 Drop tubes were lowered systematically until dewatering was occurring within 

the screened interval of the MPE wells, within Zone 3 and typically 17 to 23 feet 

bgs, comparable to the primary TCE-contaminated fractures identified in MW-10 

and SMW. 

�	 Vapor concentrations in Zone 1 were monitored in SVE wells four times per 

operating season, to determine if vapor diffusion back into the overburden was 

occurring. 

Operations during 2003 and 2004 have implemented recommendations as outlined in 

the closure guidance, and no rebound in vapor concentrations has been observed in 

SVE wells. This suggests that the highly permeable overburden soil is not accumulating 

vapor from the saprolite zone. 

While no overburden soil sampling was performed to confirm this, evaluations 

conducted in 2003 concluded that sampling was not necessary until additional mass 

removal had occurred from the saprolite zone.  Vapor data suggest that the remedy has 

complied with this portion of the RAO. 

Minimization of downward migration from the saprolite into groundwater is harder to 

quantify, but continuous pumping of shallow bedrock zones (MW-10 and SMW) is 

expected to induce vertical hydraulic gradients within the bedrock and therefore 

minimize further downward migration of contaminants into the bedrock aquifer.  This 

shallow hydraulic control approach (termed Phase 1 groundwater extraction), is 

outlined in the Basis of Design Memorandum, Installation of Groundwater Recovery 

System and the Remedial Action Report – Soil and Groundwater Remedy. O&M 

problems with packers and other down-well equipment required that the deeper 

portions of SMW and MW-10 be filled during Phase 1 activities; therefore, analytical 

data are not available from deeper onsite zones to assess compliance with the 
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groundwater portion of this RAO.  The deeper portion of MW-10 will be drilled out and 

resampled once shallow concentrations in MW-10 and SMW show significant decreases 

in TCE contamination. 

Compliance with Prevention of Offsite Migration to Surface Water RAO 

The remedy at the Site has met the intent of this RAO through complete removal of 

landfill wastes and contaminated media located at the toe of the landfill.  Surface water 

is no longer sampled as a part of the routine monitoring program, as the source of 

surface water contamination has been removed. 

Compliance with Elimination of Physical Hazards RAO 

The remedy at the Site has meet the intent of this RAO through demolition of building 

foundations, raceways, and other structures, as well as removal of the landfill. 

Changes in Land-Use and E x posure Pathways 

There have been no documented changes in land-use of the Site or immediate vicinicity 

since the ROD. 

Since the mid-1990s, USEPA, RIDEM, and other agencies have become more concerned 

about the potential for chlorinated solvents such as TCE to migrate in the vapor phase, 

resulting in longer term, vapor-phase exposures other than instantaneous volatilization 

from soil or groundwater.  This change in understanding vapor as an exposure pathway 

is discussed in more detail below.    

New Contaminants and/or Contaminant Sources 

No new or additional sources of VOC contamination in soil or groundwater have been 

suggested by Site data. 
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Remedy Degradation and Byproducts 

TCE degradation products were anticipated during remedy selection, and no new by-

products have been discovered during the treatment process.  Therefore, the 

protectiveness of the remedy would not be affected by degradation and/or by-products. 

Evaluation of Toxicity Factors and Contaminant Characteristics 

As noted above, cleanup goals for primary Site contaminants (TCE and daughter 

products) were developed primarily using MCLs (or proposed MCLs at time of ROD  

issuance). MCLs for these compounds have not changed since ROD signature. 

However, since 1990 both toxicological information and the environmental industry’s 

understanding of contaminant fate and transport has changed: 

�	 TCE toxicity data is currently being evaluated by USEPA and various state 

agencies, with the most likely conclusions being that TCE is more toxic than 

believed to be in the past.  As a result, risk calculations based on TCE would 

likely result in higher estimates than those quantified during the RI/FS for 

Stamina Mills. The current magnitude of risk estimates has not been 

recalculated because TCE toxicity factors are under debate and agencies are 

currently reviewing available toxicological data; final guidance regarding TCE’s 

toxicological profile is not expected until 2006.  However, the TCE MCL has not 

been changed. Since the TCE MCL is the basis for the Site cleanup goals and the 

MCL has not changed, the protectiveness of the remedy is not currently affected. 

�	 Since 1990, industry experts have grown more concerned about vapor migration 

as a potential exposure route for VOCs. Methods to assess potential 

volatilization from soil or groundwater into buildings have become integrated 

with most risk assessments for VOCs. USEPA and multiple states have issued 

guidance for evaluation of vapor migration either as a mobile vapor phase, as a 
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vapor eminating from a source area, or as a vapor rising from a contaminated 

groundwater plume, and the subsequent intrusion of vapors into indoor air 

(either private residences or industrial/commercial facilities).  The Stamina Mills 

RI/FS did not consider vapor intrusion as a potential migration pathway. 

Therefore, vapor intrusion was evaluated in this five-year review on a screening 

level to determine potential impacts to the Site and surrounding community. 

Vapor Intrusion Evaluation 

To assess the potential for vapor intrusion at the Stamina Mills Site, USEPA’s Draft 

Guidance for Assessing Vapor Intrusion (USEPA, November 2002) was used. This 

guidance outlines the lines of evidence to be considered during evaluation of a vapor 

migration/intrusion problem: 

�	 Tier 1 Primary Screening – evaluates fundamental potential for volatile chemicals 

in the subsurface 

�	 Tier 2 Secondary Screening – evaluates limited Site-specific data regarding the 

contaminant source and subsurface conditions 

�	 Tier 3 Site-Specific Pathway Assessment – evaluates detailed Site-specific 

information and confirmatory sub-slab and/or indoor air sampling 

Tier 1 and 2 screening was performed using readily available information from the 

Stamina Mills RI/FS. The screening process, documented in Appendix L, indicated that 

a Tier 3, site-specific assessment was appropriate for the Site.   

As discussed elsewhere in this five-year review, proposed methods to minimize purge 

water during Phase III groundwater sampling events include discrete interval sampling 

with diffusion samplers.  These samplers will be used to determine if shallow depth 
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intervals in the bedrock aquifer exhibit TCE contamination above appropriate screening 

criteria. If TCE concentrations are below screening criteria in shallow intervals, it will be 

assumed that TCE in groundwater does not pose a threat to indoor air quality.  If TCE 

concentrations in groundwater suggest a potential threat to indoor air quality, additional 

sampling will be proposed, which may include the following elements: 

�	 Borings will be completed using direct-push technology apparatus and will 

record lithology, depth-to-bedrock, and depth-to-water (if present in overburden 

materials). 

�	 If saturated soil is encountered, a water sample will be collected. 

�	 Soil gas samples will be collected from 5 and 15 feet bgs (or immediately above 

bedrock) using Summa canisters and will be analyzed for VOCs using TO-15. 

If depth-to-bedrock and/or saturated zones is greater than 10 feet bgs, the evaluation 

will proceed using Tier 2 evaluation techniques, assuming that overburden soil provides 

adequate homogenization of vapor within 10 feet of ground surface.  Soil gas data will 

be used as a direct measure of contaminants in the vapor phase, and USEPA guidance 

will be used to complete the Tier 2 screening process. 

USEPA will also survey residents along School Street to determine fundamental 

information regarding foundation construction, wet basements, sumps, etc., to more 

accurately assess the appropriateness of the Tier 2 screening. 

Risk Recalculation/Reassessment 

Because there have been no changes to the underlying standards used to develop 

cleanup goals at the Site, there is no need for risk recalculation/reassessment during 

this five-year review. 
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Kayser-Roth may perform offsite soil gas investigations to address the evolving 

understanding of vapor migration through building foundations, depending upon the 

results of discrete interval sampling conducted for Phase III groundwater monitoring. 

These data will be used to assess potential vapor intrusion risks and the need for 

additional work, described above, and will be documented in a separate deliverable. 

Question C  

Question C: Has any other information come to light that could call into question the 

protectiveness of the remedy? 

Five-year review guidance requires evaluation of any new information or changes in Site 

conditions that could call into question the overall protectiveness of the remedy.  Table 

7-6 summarizes findings of the five-year review; details are provided in subsequent 

sections. 

Table 7-6 
Summary of Findings: Question C 

Other Information 
Ecological 
Risks 

No newly identified ecological risks have been found. 

Natural 
Disasters 

No impacts from natural disasters have occurred. 

Other 
Information 

No other information has come to light that could affect the protectiveness of the remedy. 

Newly Identified Ecological Risks 

None identified. 

Impacts from Natural Disasters 

No impacts from natural disasters have affected the Site and changed the remedy. 
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Additional Information 

No other information has come to light that could affect the protectiveness of the 

selected remedy. 
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VIII. Issues

Table 8-1 summarizes the issues identified during the 2005 Five-Year Review. 

Table 8-1 
Issues 

Affects Current Affects Future 
Issues Protectiveness Protectiveness 

(Y/N) (Y/N) 
1. USEPA, RIDEM, THE PERFORMING PARTY, and the Town of N Y 

North Smithfield need to maintain a strong working 
relationship to ensure adequate offsite protectiveness of the 
groundwater remedy. As noted in the case of the recent well 
installation on School Street, current controls on offsite well 
installations are inadequate. The Town did not notify USEPA, 
RIDEM, or Kayser-Roth regarding the moratorium on potable 
water connections, nor did it notify the property owner of the 
adjacent Superfund Site and groundwater contamination. 
Uncontrolled well installations and pumping could interfere 
with the ROD-require remedy and groundwater containment, 
and cause contaminant migration offsite.  Future well 
installations and/or pumping could affect the remedy’s 
protectiveness in the future. Institutional controls need to be 
set in place on site and off site. 

2. During discussions regarding offsite residential wells, USEPA 
and RIDEM indicated that there is no current database of 

N Y 

properties with active or inactive wells, nor any record of  
connection to the public water supply.  Data collected prior to 
and during the RI are more than 20 years old.  A database 
was completed during the 2005 five-year review and is 
included in Appendix M.  If the Town of North Smithfield can 
provide water usage information, this list will incorporate data 
on whether residences are connected to public water supply, 
or whether non-potable wells are still used for outdoor or yard 
maintenance activities. 

3. The Town of North Smithfield has expressed interest in the 
beneficial re-use of the Site as a recreational area.  While this 

N N 

is not possible while the aboveground infrastructure for the 
remedy is present, USEPA, RIDEM, THE PERFORMING PARTY, 
and the Town are interested in moving forward to identify 
beneficial re-use options, and identifying legal issues to be 
addressed with the Site’s currently property owner. 
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4. Review of risk assessment assumptions indicated that further UNKNOWN UNKNOWN 
evaluation of the vapor intrusion pathway may be required. 
Discrete interval sampling, discussed in relation to the Phase 
III groundwater monitoring program, may provide additional 
insight as to whether vapor migration from groundwater is an 
issue.  However, if data indicate groundwater contamination 
may be a possible source for vapor migration (e.g., if shallow 
interval samples exceed generic target media specific 
concentrations), further screening may be performed to 
determine if vapor migration/intrusion issues are a concern 
offsite north of School Street. Preliminary efforts to complete 
a USEPA Tier 1 and Tier 2 screening were incomplete, as 
documented in Section 7, due to a lack of information 
regarding lithology and groundwater in residential areas north 
of the Site. 

5. The Town of North Smithfield raised concerns about the N N 
fencing parallel to School Street.  This could have an impact 
on site security. 
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IX. Recommendations and Follow-up Actions 

Recommendations and follow-up actions are identified below: 

1. Institutional controls	 should be implemented to prevent uncontrolled well 

installations near the Site.  The Town of North Smithfield will take the lead in 

developing ordinance language prohibiting potable well installation near the 

plume. The Town of North Smithfield will also lift the moratorium on potable 

water connections once adequate potable supply is obtained from the City of 

Woonsocket.  USEPA, RIDEM, and Kayser-Roth will provide technical support to 

the Town of North Smithfield to secure institutional controls.  A milestone of June 

30, 2006 has been established for passage of the ordinance and lifting of the 

moratorium. Institutional controls on the property need to be implemented. 

2. Kayser-Roth will maintain a listing of residential well owners and the status of 

their wells within 0.25 miles of the Site.  This listing will include residences by 

street address, tax identification number, and USEPA well identification numbers. 

The database will be updated no less frequently than once every five years. 

Kayser-Roth and USEPA will also work with the Town of North Smithfield to 

identify residences connected to the public water supply, with a goal of 

incorporating these data into the list by June 30, 2006. 

3. USEPA, RIDEM, and Kayser-Roth will explore long-term beneficial re-use options 

with the new property owner and the Town of North Smithfield, including but not 

limited to: 

▫	 Property transition and liability issues.  

▫	 Institutional controls on intrusive activities. 

▫	 Timing for the end of SVE/MPE operations. 
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▫	 Reconstruction of remediation system equipment below grade, if 

necessary. 

▫	 Treatment building and wellhead security. 

▫	 Projected O&M operations. 

Initial discussions regarding long-term re-use will be completed by June 30, 2006.  Draft 

agreements with the new property owner will be developed by December 31, 2006. 

4.	 Pending the results of discrete-interval groundwater sampling, a Tier 2 vapor 

intrusion screening, using borings completed in the residential area and soil gas 

sampling, may be performed.  This screening would be used to gauge the 

potential for vapor intrusion into private residences north of School Street. A soil 

gas sampling protocol would need to be developed following evaluation of 

discrete-interval groundwater sampling results.  Concurrently, USEPA would 

perform community awareness activities, and perform a survey to evaluate 

basement/foundation construction details for residences in the TCE plume area. 

This will be performed by September 30, 2006. 

5.	 Kayser-Roth will evaluate whether fence integrity has been compromised along 

School Street; if required, repairs will be implemented by December 31, 2005. 

A summary schedule for follow-up actions is presented in Table 9-1. 
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Table 9-1 
Summary Schedule for Follow-Up Actions* 

Target Completion Date Activity Responsible Agency/Entity 
December 31, 2005 Complete fencing repairs. Kayser-Roth 
June 30, 2006 Develop on and off-site institutional 

controls; lift moratorium on 
connections to North Smithfield public 
water supply 

Kayser-Roth, USEPA, RIDEM, 
Town of North Smithfield 

June 30, 2006 Incorporate data regarding current 
public water supply users into 
database 

Kayser-Roth 

June 30, 2006 Draft agreement regarding long-term 
reuse 

Kayser-Roth 

September 30, 2006 Indoor Air / Soil Gas Testing Kayser-Roth 

*Additional non-remedy protectiveness action issues include:  Phase III groundwater monitoring work plan 
addendum, revised community relations/outreach plan, QA/QC procedeures review. 
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X. Protectiveness Statement 

The remedy at the Site currently protects human health and the environment because 

residents in the area of the plume are using municipal water, and do not have an 

exposure pathway to contaminated soil.  Residents not using municipal water are in 

areas not impacted by the plume. 

The remedy currently protects human health and the environment because it is 

functioning as designed. The immediate threats have been addressed and the remedy 

is considered protective in the short term.  However, in order for the remedy to be 

protective in the long-term, the following actions need to be taken:  institutional 

controls need to be addressed, and vapor intrusion studies need to be conducted. 
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XI. Next Review 

The next statutory review for the Stamina Mills Site will be required in 2010, five years 

from the completion date (e.g., signature date) of this five-year review report. 

Five-year Review Report - 110 









































The Stamina Mills Site (date unknown).  View is to the north, taken from the south side 
of the Branch River. 



Stamina Mills fire, 1977.  View is from School Street, toward the southeast. 



Mill Ruins, view is north, from the south side of the Branch River.  Note raceway opening 
in the foreground. 



Mill ruins, view of raceway entrance, Forestdale Pond. 

Stamina Mills site following demolition of mill buildings (1992/1993). View is toward 
northwest. 



Stamina Mills site following site restoration (1993/1994).  View is to southeast, prior to 
construction of SVE/MPE and treatment building. 













































































































































































































































































































































































































































Entrance gate to Stamina Mills Superfund Site.  View is to the southeast. 

Treatment building., view to the east.  Discharge stack, external carbon vessels shown. 



Vapor extraction manifold, view to the east. 

SVE/MPE wellfield. Arched black tubing identifies wells connected to the MPE drop-tube 
system. 



SVE/MPE wellfield as seen from School Street, view to south.  MW-10 is in the 
foreground. 

MW-10 with remediation vault, at north edge of SVE/MPE wellfield, view to south. 



SMW, former Stamina Mills production well, with remediation vault, view to north. 

Former landfill area, view to southeast (toward USGS gauging station and downstream 
portions of the Branch River). 



Former landfill area, view to south, showing sewer manhole extension and sewer 
crossing in the Branch River (marked by rill on left side of picture). 

Former landfill area, view to west (toward Forestdale Pond); note sewer manhole at left. 



Riprap at toe of former landfill; note USGS gauging station downstream.  View to east. 

Residences/businesses on School Street, viewed from southeast corner of the 
intersection of School Street and Maple Street.  Building on right is US Post Office (Plat 
No. 435); inactive well I-31 is behind this structure.  View to west. 



Residences on School Street, viewed from northeast corner of Stamina Mills driveway. 
View to east (Plat Nos. 143, 142, and 141 are visible). 

Former mill office building at northern edge of Stamina Mills property along School 
Street. View is to east. 



Abandoned private residential well installed on lot at northeast corner of School Street 
and Maple Street (Plat No. 130).  View is to northeast. 






















































































































































































































































































































































































































































































































